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Abstract: The ductility and plastic asymmetry of an as-annealed magnesium alloy plate were studied in compression through 
combined process of torsion and subsequent annealing by optical microscope and EBSD. The yield strength (YS) and ultimate 
compression strength (UCS) as well as the compression ductility (CD) were simultaneously raised by prior torsion at room 
temperature. The CD was further enhanced by subsequent annealing. Also, the torqued sample followed by annealing experienced a 
rising CD with the increase in prior strain, leading to the maximum true strain of 0.279, which is twice that of the as-annealed 
original one. The sample showed a largely reduced tension−compression yield asymmetry by subjecting to pre-torsion alone or 
combined with a subsequent annealing. The enhanced ductility and reduced asymmetry are attributed to the development of a 
gradient microstructure with refined grains, and also randomization of the weakened texture due to torsion and subsequent annealing. 
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1 Introduction 
 

Magnesium (Mg) alloys have attracted a growing 
attention from every sector of the metal consuming 
industries due to their low density and high specific 
strength, especially in the automotive industry where 
lightweight structural alloys are desired as a result of the 
increasing need for the improved fuel economy [1]. In 
order to satisfy the need of industry, wrought alloys are 
manufactured, usually in the form of rolling or extrusion. 
Rolled and extruded Mg alloys generally exhibit low 
ductility at room temperature because of the limited slip 
systems in hexagonal close-packed (HCP) structure and 
the resultant strong basal texture [2−5]. The presence of 
deformation texture of Mg alloys often results in 
intensive tension–compression yield asymmetry [6−8]. It 
is well known that grain refinement and texture 
modification are effective in enhancing the ductility and 
reducing the asymmetry of Mg alloys [7−11]. Many 
reports [12,13] suggest that the introduction of simple 

shear strain into Mg alloys can be a promising approach 
for the texture control. Torsion is an efficient way of 
providing simple shear strain for the samples. During 
tension or compression, the principal stresses/strains do 
not change their directions during deformation; however, 
under torsion, the direction of shear strain alters with 
deformation, thereby providing a possible way to change 
and optimize the microstructure and texture. However, 
quite a few studies on the torsion of Mg alloys have been 
reported and most of them were related to the Swift 
effect [14−16], or the microstructure and texture 
evolution brought up by torsion up to a very large strain 
at elevated temperatures [17]. To the best of our 
knowledge, the application of torsion has not been 
applied as a method to improve the mechanical 
properties of Mg alloys. 

The present study was aimed to optimize the 
mechanical properties, especially the ductility and 
asymmetry of an as-annealed Mg alloy plate through a 
combined process of torsional deformation and 
subsequent annealing. The microstructures and texture  
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developed under such processes and the resultant 
mechanical properties were examined. The results were 
analyzed and the mechanisms operated were discussed. 
 
2 Experimental 
 

A commercial hot-rolled Mg alloy AZ21 (Mg−  
2.0Al−1.0Zn, mass fraction, %) plate with a thickness of  
12 mm was annealed at 673 K for 2 h and used as the 
starting materials. The orientation imaging microscopy 
(OIM) microstructure and its corresponding (0001) and 

)0110(  pole figures of the initial material are presented 
in Fig. 1. The sample was composed of a twin-free 
equiaxed grains structure with an average linear intercept 
grain size of around 65 μm. The initial texture, measured 
by the electron backscatter diffraction (EBSD) technique, 
showed an intense basal texture with most basal planes 
aligned parallel to the rolling plane and also with a 
randomly oriented a-axis along the rolling plane. 
Cylindrical torsion specimens were prepared with their 
axial directions along the transverse direction of the Mg 
plate. The gauge section was 80 mm in length and 8 mm 
in diameter. The samples were twisted in one direction 
with one side rotary torsion testing machine at a rotation 
speed of 1 r/min and room temperature. The shear strain 
was calculated by [14] 
 
γ=rθ/L                                     (1) 
 
where γ is the shear strain, r is the distance from the 
center, θ is the rotation angle, and L is the gauge length. 
Here, γ represents the maximum shear strain on the outer 
surface of the rod. 

For compression tests of the torqued samples, 
specimens with 10 mm in height were machined along 

the axial direction. Some of them were subsequently 
annealed at 573 K for 1 h and water quenched. For 
tensile tests, on the other hand, a sample with a gauge 
length of 10 mm and a gauge diameter of 6 mm was 
wire-cut. The compression and tensile tests were carried 
out using Instron-type mechanical testing machine at an 
initial strain rate of 3×10−3s−1 and room temperature. The 
microstructures developed were examined by optical 
microscopy (OM) and OIM, and the textures were 
analyzed by EBSD in a field emission gun equipped with 
scanning electron microscope. The Vickers hardness tests 
were carried out in the following three zones of the 
cross-section of each cylindrical sample, i.e., the central 
region (r=0−0.5 mm), the middle one (r=1.7−2.3 mm) 
and the outer one (r=3−4 mm). The central and outer 
regions of the sample were also selected for the EBSD 
test. In order to compare the hardness changes in the 
specific zones, these hardness values were derived from 
almost the same part of the sample of two different  
states. For each specific zone, 7 measurements were 
obtained within 0.2 mm in terms of the distance from 
central point on the cross section of the sample. Finally, 
these 7 measurements were averaged and the results 
were used to draw the Vickers hardness distribution 
graph. The error bars were also provided. 
 
3 Results 
 
3.1 Mechanical properties 

Compressive true stress−true strain curves are 
depicted in order of the prior-shear strain in Fig. 2 for 
AZ21 alloy in different states, i.e., as-annealed, 
prior-torqued and prior-torqued followed by annealing. 

 

 
Fig. 1 Microstructural characteristics of as-annealed sample: (a) OIM image; (b) (0001) pole figure; (c) )0110(  pole figure 
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The mechanical properties derived from the flow curves 
in Fig. 2 are summarized in Table 1. True strains at 
facture were used to represent the compression ductility 
(CD) of sample. When the as-annealed sample was 
prior-torqued to three levels of shear strain, i.e., γ= 0.087, 
0.175 and 0.262, the yield strength (YS), ultimate 
compression strength (UCS) and CD were all raised 
compared with those of the as-annealed one, although 
 

  
Fig. 2 True stress−true strain curves under compression at room 
temperature for samples torqued and subsequently annealed 
(The flow curve for the as-annealed sample is indicated by a 
broken line in each figure for comparison) 

Table 1 Effect of prior-torsion and subsequent annealing on 
compression yield stress (CYS), ultimate compressive stress 
(UCS), and compressive ductility (CD) for as-rolled Mg alloy 
AZ21 

Treatment Applied shear 
strain, γ CYS/MPa UCS/MPa CD 

0 74 286 0.136

0.087 126 293 0.152

0.175 126 293 0.156
Prior-torsion

0.262 135 291 0.161

0.087 70 290 0.202

0.175 86 280 0.211Prior-torsion/
annealing 

0.262 75 279 0.279

 
only slightly for UCS and CD. With subsequent 
annealing, the ductility is further greatly enhanced 
accompanying with a slight drop (less than 13 MPa) in 
UCS but a considerable decrease (40−60 MPa) in YS. It 
is remarkable to note that the sample torqued to γ=0.262 
followed by annealing shows the highest ductility as 
much as 0.279, which is twice that of the as-annealed 
one (0.136). 
 
3.2 Reduction of asymmetry 

At γ=0.262 followed by annealing, the sample 
showed the highest ductility, it would be interesting to 
study further its tension and compression asymmetry 
properties. Figure 3 shows the true stress−true strain 
curves of tension and compression tests of the Mg alloy 
samples at different states, namely, as-annealed, 
prior-torqued at γ=0.262 and prior-torqued followed by 
annealing. It is seen that compressive flow curves (black 
lines) have obviously different characteristics compared 
with those of the tensile tests (blue lines). In order to 
clarify and compare the yield strength measured by 
compression and tension, both the compressive and 
tensile yield strengths are summarized in Table 2. It is 
 

 
Fig. 3 True stress−true strain curves of tension and 
compression tests of samples under different conditions 
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Table 2 Mechanical properties of as-annealed, prior-torsion 
(γ=0.262), and prior-torsion/ annealing samples 

Treatment Test mode YS/MPa CYS/TYS

Compression 74 
As-annealed 

Tension 135 
0.55 

Compression 135 
Prior-torsion 

Tension 142 
0.95 

Compression 75 Prior-torsion/ 

annealing Tension 90 
0.83 

TYS—Tension yield strength 
 
seen that both prior-torsion and prior-torsion followed by 
annealing can reduce the tension−compression yield 
asymmetry, i.e., the ratio of compressive yield strength to 
tensile yield strength, to 0.95 and 0.83 from 0.55 of the 
as-annealed sample. 
 
3.3 Microstructures and corresponding hardness 

Figure 4 shows the microstructures evolved in the 
center and outer regions of the sample torqued to 
γ=0.262 as well as the ones followed by annealing. The 
hardness changes accompanied by these processes are 
plotted against distance from the center of the sample in 
Fig. 5. It is seen in Figs. 4(a) and (b) that many lenticular 
twins are frequently evolved and cross the original  
grains [18]. In the central region, recovered and coarse 
grains are evolved almost fully, and some lamellar twins 
are still remained (Fig. 4(c)). In contrast, much finer 
grains are fully developed in the outer region after 
annealing as presented in Fig. 4(d). Concurrently, the 
hardness decreases from HV 74.6 to HV 61.2 for the 
outer  region and from HV 63 to HV 59 for the center 
one (Fig. 5). 
 
3.4 Texture changes 

In order to investigate the texture evolution and the 
deformation mechanisms involved in torsion and 
annealing, EBSD analysis was carried out on the samples 
torqued to γ=0.262 and subsequent annealing at 573 K 
for 1 h. Representative OIM maps, (0001) pole figures 
and grain boundary maps in the central and outer regions 
of the sample are presented in Fig. 6. In OIM maps, 
colors correspond to crystallographic orientation in the 
inverse pole figures. In the grain boundary maps, black 
lines correspond to boundaries of misorientation ≥3°, the 
red lines stand for the misorientation of (86±2)° and 
thick-blue lines for (56±2)°, which are proven to be the 
boundary of }2110{ extension twins and }1110{   
compression twins, respectively [11]. It is seen that 

}2110{  extension twins are much more likely to be 
activated  than  }1110{  compression  twins  during 

 

 

Fig. 4 Optical micrographs in central (a) and outer (b) regions 
of samples twisted to γ=0.262 and then followed by annealing 
(c) and (d), respectively 
 

 
Fig. 5 Vickers hardness distribution along cross section of 
cylindrical samples twisted to γ=0.262 and then followed by 
annealing 
 
torsion at room temperature. From the OIM maps, it is 
noted that the initial orientation is greatly changed for all 
the samples. It is seen from Fig. 6 that the maximum 
intensity of the basal plane texture of the as-annealed 
plate of 22.099 (see Fig. 1) is fiercely reduced to 12.76 
and 7.83 for the central and outer regions, respectively. A 
much reduced intensity peak exists close to RD in these 
two regions. This may be resulted from the high density 
extension twins causing the inclination of the basal pole 
from ND about 87° towards RD [18]. Upon annealing, as 
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Fig. 6 (0001) pole figures, OIM maps and grain boundary maps in central and outer regions of samples after being prior-torqued (T) 
to γ=0.262 (a, b), and then followed by annealing (TA) (c, d) (In OIM maps and grain boundary maps, colors correspond to 
crystallographic orientation in the inverse pole figures. Black lines correspond to boundaries of misorientation 3°≤θ≤15° and 
thick-black lines to θ>15°. Red lines stand for the misorientation of 86° and thick-blue lines for 56°, which are boundaries for 
extension and contraction twins, respectively) 
 
seen in Figs. 6(c) and (d), the intensity peaks of the 
center and outer regions stay nearly the same (from 
12.758 to 12.518 for the center region, and from 7.825 to 
6.936 for the outer region). 
 
4 Discussion 
 
4.1 Effect of torsion and subsequent annealing 

When the as-annealed sample having a strong basal 

plane texture (Fig. 1) is compressed along the transverse 
direction of the plate, a tension strain is imposed on the 
c-axis of the grains under which circumstance the 
extension twins are readily activated [18]. As a result, it 
displays a flow curve with a yield plateau, which is a 
typical feature of }2110{  extension twinning [19], as 
shown by broken curve in Fig. 2. 

For the prior-torqued sample, it experiences a raise 
in the CD as well as UCS. XIN et al [19] reported a 
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similar phenomenon that such an increase in both CD 
and UCS can be resulted from grain refinement by 

}2110{  twinning caused by pre-straining. Such twins 
with rather broad width are recognized as }0211{  
extension twins [18]. It is well known that }0211{  
extension twinning in Mg alloys can easily take place 
under tensile load parallel to the c-axis or under 
compression load perpendicular to that, due to its low 
CRSS [18]. In torsion, the shear stress can be considered 
as a complex combination of extension and compression 
load perpendicular to the c-axis [12], so, it is reasonable 
to see so many extension twins in the torqued sample. 
High density dislocations and twin boundaries generated 
by prior-torsion of the Mg alloy can be a strong barrier to 
dislocation movement and twinning nucleation under 
subsequent compression, resulting in a clear strain- 
hardening performance [20] and an increase in YS and 
UCS, as seen in green lines of Fig. 2. 

According to Eq. (1), the center region suffers much 
less shear strains compared with the outer one, but the 
volume fractions of tension twins of the outer and center 
regions show almost no difference, both are about 60%, 
as derived from the microstructure. This may be due to 
three reasons. Firstly, as a result of stress compatibility, 
the strain imposed on the center is far higher than that 
calculated from Eq. (1). Secondly, HONG et al [21] 
reported that }2110{  twins have completely nucleated 
at a small deformation (about 2%), grown between a 
strain of 2% and 6%, and then coalesced. With a strain of 
8%, most grains are nearly completely twined. The 
strains that the center and the outer regions suffered have 
both already reached this degree of deformation. Thus, 
nearly no difference appears on volume fractions of these 
twins. Thirdly, except the occurrence of twins, there are 
also other types of deformation modes happening in 
these two areas, so there is no doubt that the volume of 
dislocation tangles in the outer region could be far more 
than that in the center because more strains occur in the 
outer region. Although this cannot be seen from the 
optical microstructure, it can be proved by the fact that 
the hardness in the outer region is much higher than that 
in the central area as shown in Fig. 5. 

During annealing, different microstructures are 
developed for the center and outer regions on the cross 
section of the torqued sample. This suggests that static 
recrystallization (SRX) and recovery occurring in these 
two regions depend largely on the amount of prior shear 
strains, which can provide driving force needed for SRX. 
Larger prior shear strain imposing in the outer region 
leads to more dislocations and twins to assist its 
deformation and thus storing more deformation energy. 
More deformation energy means that nucleation sites can 
be more readily formed. It is concluded, therefore, that 

the occurrence of recovery and recrystallization in these 
two regions depends on the amount of shear strain 
applied, resulting in a gradient microstructure, i.e., 
refined grains with no twins in the outer region and 
coarser and recovered grains with some remaining twins 
in the central region. Such special microstructures 
developed during prior torsion and annealing are similar 
to a gradient microstructure developed by using 
bidirectional bending and static recrystallization by HUO 
et al [22]. 
 
4.2 Analysis for enhanced ductility and reduced 

asymmetry 
It should be noted that a great increment in the 

ductility was achieved for the torqued sample followed 
by annealing. This may be ascribed to the grains being 
refined and the texture being weakened and randomized. 
The gradient microstructure derived from the torsion and 
annealing process may also help the ductility 
enhancement as reported by HUO et al [22]. 

KOIKE et al [23] have shown that the activation of 
non-basal slips is beneficial for the enhancement of the 
ductility of Mg alloys. The finer grain structure attained 
for the torqued sample followed by annealing means that 
it will have a higher volume fraction of grain boundaries. 
In order to deform the Mg alloy with finer grains to the 
same degree as the one with larger grains, more 
non-basal dislocation slips may be needed to maintain 
the compatibility and continuity. 

According to the studies of CHINO et al [24] and 
HA et al [25], random or weaker texture will also be 
helpful to increase the ductility of magnesium alloy, as 
more slip systems are in the favorable directions with 
larger Schmid factors. 

The tension–compression yield strength asymmetry 
in textured Mg alloys is closely related to the occurrence 
of }2110{  extension twins [7,26]. In our study of the 
tested as-annealed sample along TD direction of the 
as-annealed plate, when under compression, }2110{  
twinning should dominate the deformation and the low 
critical resolved shear stress (CRSS) of the }2110{  
twinning [7] results in quite low yield strength [27]. 
However, when under tension along transverse direction, 
the prismatic slip of 〈a〉 dislocation with high CRSS is 
suspected to control the macroscopic yield at room 
temperature [20]. Thus, large yield strength distinction 
appears during tension and the compression along 
transverse direction of the as-annealed plate. It is well 
reported that the texture and grain size of wrought Mg 
alloys are the two main factors that influence the 
occurrence of extension twinning. Therefore, the fiercely 
reduced yield strength asymmetry in our studied AZ21 
Mg alloy should be related to the texture and grain size 
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developed during torsion and annealing process. During 
torsion, the rod suffered a great deal of shear strain, 
causing grains to rotate and form extension twins   
(Figs. 3(a) and (b)) which can refine the original grains. 
When under annealing, as seen from Figs. 3(c) and (d), 
the gradient microstructure was further refined. As 
extension twins are more reluctant to be activated in finer 
grains, the reduction of tension−compression yield 
strength asymmetry can be obtained to some extent [7]. 
In addition, when the texture becomes weakened and 
randomized, the occurrence of extension twins will also 
be greatly inhabited [6]. This should also help the 
reduction of tension−compression yield strength 
asymmetry. 

It is concluded, therefore, that the development of 
the grains refinement, randomized and weakened texture 
as well as a gradient microstructure all contribute to such 
a dramatic increase in the compression ductility and the 
much lessened asymmetry. 
 
5 Conclusions 
 

1) The yield strength, ultimate compression strength  
and compression ductility of the as-annealed AZ21 Mg 
alloy plate can be raised simultaneously by prior-torsion. 
After subsequent annealing, the ductility increased 
further to the maximum value of more than twice that of 
the as-annealed one. The compression ductility of the 
torqued and subsequently annealed AZ21 Mg alloy 
increased with the increase in the prior shear strain. 

2) Through torsion and subsequently annealing, a 
significant reduction was obtained for tension− 
compression yield asymmetry of the sample. 

3) Dramatic increase in compression ductility and 
much reduced asymmetry of the material should result 
from the development of a gradient microstructure with 
refined grains, and also weakened and randomized 
texture. 
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摘  要：采用光学显微镜及电子背散射技术(EBSD)等手段研究扭转及后续退火工艺对热轧板 Mg−2Al−1Zn 镁合金

塑性及拉压不对称性的改善。室温扭转后，样品的屈服强度、抗压强度以及压缩塑性都得到同步提高；随着扭转

应变量的增加，样品的压缩塑性提高；并且在退火后，扭转试样的塑性得到大幅度提升，断裂时的最大真应变为

0.279，是原始轧制态的 2 倍。此外，扭转及扭转/退火后的样品拉压不对称性得到明显改善。分析表明，镁合金

样品塑性的大幅度提高及拉压不对称性的改善主要是由于在扭转及后续退火过程中生成晶粒得到细化的梯度组

织，以及原始强基面板织构的弱化和随机化。 

关键词：镁合金；显微组织；扭转；不对称性；织构；孪晶 

 (Edited by Xiang-qun LI) 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. 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 for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


