
 

 

 

 
Trans. Nonferrous Met. Soc. China 26(2016) 85−92 

 
Effect of welding temperature and duration on properties of 

7075 Al to AZ31B Mg diffusion bonded joint 
 

Abdolhamid AZIZI1, Hossein ALIMARDAN2 
 

1. Department of Engineering, Ilam University, Ilam 69315-516, Iran; 
2. Department of Engineering, Kermanshah Branch, Islamic Azad University, Kermanshah 6718997551, Iran 

 
Received 1 February 2015; accepted 20 July 2015 

                                                                                                  
 

Abstract: 7075 Al alloy and AZ31B Mg alloy were joined by diffusion welding technique at pressure 29 MPa with various welding 
temperatures and durations. Scanning electron microscopy examination, shear tests and microhardness evaluation were conducted on 
the samples interface to find out the effect of welding temperatures and durations on the weldability. The results demonstrate that the 
AZ31B Mg/7075 Al composite plates are bonded well and the intermetallic phases such as Al12Mg17 and Al3Mg2 within the joint 
zone form. It is found that due to the grain coarsening and the formation of brittle compounds, high welding temperatures and long 
welding durations result in a decrease of shear strength and increase of interfacial welding hardness. The minimum shear strength of 
15 MPa along with the maximum microhardness of HV 176 are obtained for the diffusion couple processed at 450 °C for 120 min. It 
is revealed that enhancing the temperature and choosing appropriate holding time makes a remarkable increase of interfacial welding 
thickness. Increasing the welding temperature from 430 to 450 °C along with long welding duration (120 min) results in the increase 
of interfacial welding thickness by 26% where this value is 6% at the welding performed for 60 min. 
Key words: Al alloy; Mg alloy; diffusion welding; welding temperature; welding duration 
                                                                                                             
 
 
1 Introduction 
 

Diffusion welding (DFW) is a joining process 
wherein the principal mechanism for joining is 
solid-state diffusion. The coalescence of faying surface is 
accomplished through the application of pressure at 
elevated temperature ranging from 0.5Tm to 0.8Tm 
(where Tm is the absolute melting temperature). No 
melting and only limited macroscopic deformation or 
relative motion of parts occurs during welding [1−3]. 
The process has an important effect on the design and 
manufacturing of the workpieces, since it is a great 
advantage to bond similar or dissimilar materials [4]. By 
diffusion bonding, it is possible to bond all the materials 
whose chemical and metallurgical properties are  
different [5−7]. Dissimilar metal joining offers the 
potential to utilize the advantages of different materials. 
The main reasons for dissimilar joining are due to the 
combination of good mechanical properties of one 
material and either low density or good corrosion 
resistance or good electrical properties of the second 
material. Consequently, joining processes for dissimilar 

materials have received noticeable attention in recent 
years. Much of this activity has focused on the 
transportation industries such as aerospace, aviation, 
shipbuilding and railway. This is especially in the 
automotive industry due to the potential weight reduction 
of both vehicle components and structures [8]. The 
neediness to expand the use of lightweight structures in 
the automotive industry has increased interests in the use 
of both Al and Mg as structural materials. Dissimilar 
welding of Mg and Al alloys would achieve weight 
reduction and high efficiency of production by 
substituting Mg and Al alloys for steels [9]. The principal 
difficulty when joining Mg and Al lies in the formation 
of oxide films and brittle intermetallics in the bond 
region. However, diffusion bonding can be used to join 
these alloys without much difficulty [10]. So the 
diffusion bonding method is used to join these alloys to 
achieve a reliable bonding between them [11]. The 
outstanding process parameters promoting microscopic 
atomic movement to ensure complete metallurgical bond 
in diffusion bonding are bonding temperature, bonding 
pressure, holding time and surface roughness of the 
alloys to be joined [12,13]. The purpose of this research  
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was to investigate the effects of holding time and 
welding temperature on the mechanical and metallurgical 
properties of the dissimilar joints of 7075 Al alloy and 
AZ31B Mg alloy fabricated by diffusion bonding 
processes. The holding time of 60 and 120 min were 
applied at the temperature range of 430−450 °C. Single 
lap joint configuration was performed in vacuum furnace 
to join the dissimilar materials which allowed bonding 
diffusion. The hardness and shear strength of the 
transition zone joints were evaluated at room temperature. 
Additionally, the morphologies of interface were 
examined by optical microscopy and scanning electron 
microscopy (SEM), and the elements content was 
analyzed with an energy dispersive spectrometer (EDS). 
 
2 Experimental  
 

Square shaped specimens (13 mm × 13 mm) with  
5 mm in thickness were machined from Mg (AZ31B) 
and Al (7075) alloys. The chemical compositions of the 
base metals are shown in Table 1. To create the surface 
roughness, sandpapers with number 600 grit for Mg and 
number 1500 grit for Al were used. The average surface 
roughness for Al and Mg were 24.7 and 59.9 nm, 
respectively. To remove the surface contamination, 
before testing, the samples were ultrasonically cleaned in 
an acetone bath for 15 min and then rinsed by 96% 
ethanol, and immediately dried by the flowing of warm 
air. The polished and chemically treated specimens were 
stacked in a die and the entire diffusion bonding setup, as 
shown in Fig. 1, was inserted into a vacuum chamber 
(the vacuum pressure of 0.133 Pa was maintained). The 
specimens were heated up to the bonding temperature 
using induction furnace at a heating rate of 10 °C/min, 
simultaneously, the required pressure was applied. 
Selecting low bonding temperature causes no bonding 
occurrence between Mg and Al alloys due to the 
insufficient temperature to cause diffusion of atoms, 
while selecting high bonding temperature causes the 
bonding pressure to decrease automatically after a few 
minutes because of the melting of Mg alloy due to high 
temperature [8]. So, the bonding temperatures were held 
near to the eutectic temperature (430, 440 and 450 °C) 
and the sufficient bonding time was conducted for 60 and 
120 min. If the bonding pressure is low, no bonding will 
occur due to less number of contacting points (between 
surface asperities) through which the diffusion of atoms 
generally should occur. Moreover, under high pressure, 
the plates are going to deform plastically and this causes 
a reduction in thickness and a bulge in the outer    
edges [8]. Regarding to above considerations and 
experimental findings, the practical pressure of 29 MPa, 
which causes the best bonding results, was selected. 

Table 1 Chemical compositions of base metals (mass 
fraction/%) 

Alloy Al Zn Mn Cr Cu Mg Si Ti Fe

AZ31B Mg 3.17 1.1 0.2 − 0.03 Bal. 0.15 − 0.004

7075 Al Bal. 5.6 0.15 0.2 1.5 2.6 0.15 0.03 0.45

 

 
Fig. 1 Diffusion bonding apparatus 
 

After completing the bonding, the samples were 
cooled down to room temperature before removing from 
the chamber. Microstructure analysis was carried out 
using a scanning electron microscope (SEM) equipped 
with EDS/EPMA chemical analysis (model VEGA// 
TESCAN−LMU) to check the formation of diffusion 
layer at the interface. The Mg side was etched by 
immersing in the solution of 0.25 mL acetic acid 
(CH3COOH), 0.6 g picric acid (C6H3N3O7), 10 mL 
ethanol (C2H6O) and distilled water (H2O) for 15 s. 
Whereas, the Al side was etched with Keller’s solution. 
The standard of ASTM: D1002−10 was used to measure 
the shear strength of the bonds. The 10 mm × 10 mm 
cross section lap shear tensile specimens, as shown in 
Fig. 2, were prepared from the Mg/Al diffusion bonded 
joints by a line cutting machine (electric spark cutting). 
The tests were carried out using SANTAM universal 
testing machine with a loading rate of 0.1 mm/min. 
Moreover, micro-hardness tests were performed by 
Vickers micro-hardness tester with a load of 0.49 N for 
20 s along a perpendicular axis to the interface and a 
interspacing distances of 50 μm. 
 
3 Results and discussion 
 
3.1 Microstructure 

Figure 3 illustrates the SEM images of the joints in 
the temperature range of 430−450 °C during welding for 
60 and 120 min. As can be seen that due to sufficient 
temperature and time for atoms diffusing and bonding 
between two alloys, a complete joint happens and also a 
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Fig. 2 Configuration of lap shear testing set up 

 

 
Fig. 3 SEM images of interface bonding at 430 °C for 60 min (a), 430 °C for 120 min (b), 440 °C for 60 min (c), 440 °C for     
120 min (d), 450 °C for 60 min (e), and 450 °C for 120 min (f) 
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diffusing area forms in the contact area. In the interface, 
the reaction layer continuously forms and has a uniform 
thickness. The area between the base alloys of Mg and Al 
is called interfacial transition zone (ITZ). 

It is understood from the results that the thickness of 
the reaction layer increases gradually with increasing the 
heating temperature and holding time. Figure 4 shows 
that the diffusion zone thickness in the welding zone is 
different for the specimens welded at various 
temperatures and time. The ITZ thickness of the 
specimen diffusion welded at the lowest temperature and 
time (430 °C and 60 min) is measured to be around  
21.26 μm. However, this value becomes more than  
29.92 μm when the time increases to 120 min at the same 
temperature. Similarly, the ITZ thickness of the specimen 
diffusion welded at 450 °C for 60 min and 120 min are 
measured to be around 22.60 and 37.77 μm, respectively. 
It can be figured out that increasing the welding time 
from 60 to 120 min at 430 °C make an improvement of 
40% in the ITZ thickness which increases up to 66% at 
450 °C. This findings show that increasing the 
temperature with the holding time of 120 min has a 
greater effect on the ITZ thickness than increasing the 
temperature with the holding time of 60 min. Therefore, 
the thickness of the ITZ layer increases remarkably with 
increasing the holding time. In spite of increasing the 
temperature, low holding time does not allow atoms to 
diffuse each other more and hence the diffusion layer 
thickness remains almost unchangeable. Increasing the 
holding time to upper level increases the grain boundary 
mobility (migration), and the grain boundary mobility 
measures how easy atoms transition from one grain to 
another [14]. This allows more atoms to diffuse on the 
other side. It leads to significant increase of diffusion 
layer thickness by increasing the temperature with 
elevated holding time. 

The bonding temperature along with the holding 
time affects the atomic diffusion of the base alloys and 
 

 
Fig. 4 Effect of welding temperature and holding time on ITZ 
thickness 

influences the homogeneity of composition and interface 
microstructure of the bonded joints, so they are the 
dominant parameters in the diffusion bonding    
process [15,16]. According to Fig. 3, three layers 
between two alloys are observed from Mg side towards 
Al, including the Mg transition region (zone A), the 
middle diffusion region (zone B) and the Al transition 
region (zone C). It clearly exhibits a good bonding along 
the Mg/Al interface, which is free from discontinuities, 
and no evident compounds appear. In order to determine 
the elemental distribution across the joint interface, EDS 
(both line and point analyses) examinations were applied. 
The changes in the contents of Mg and Al along the 
interface of samples welded at 430 °C for 60 and    
120 min are shown in Figs. 5−7. It is apparent from   
Fig. 5 that Mg and Al contents present a sharp gradient 
distribution in the regions A and C, which is the Mg−Al 
solid solution layer. Region B represented as the Mg−Al 
solid solution layer shows continuous gradient 
distributions of Mg and Al. Meanwhile, at the holding 
time of 120 min, the width of region B is thicker than 
that at the holding time of 60 min because of the more 
tendency of atomic diffusion with increasing the holding 
time. 
 

 

Fig. 5 EDS line scan across bonding interface as indicated by 
line for specimen welded at 430 °C for 60 min (a) and 430 °C 
for 120 min (b) 
 

According to Figs. 6 and 7, when the interface area 
(area B) is examined, it is observed that almost 60% of 
the area B is composed of Al, and almost 36% of this 
area is composed of Mg. It is considered that the atomic 
radius can be considered for the reason why Al is heavily 
observed in the Mg side. It is given that the atomic radius 
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Fig. 6 EDS spectra of layers in zone A (a), zone B (b) and zone 
C (c) of specimen welded at 430 °C for 60 min 
 
for Al is 0.118 nm and that for Mg is 0.145 nm. Since, 
the atomic radius of Al is less than that of Mg, Al 
migrates faster towards the Mg side than Mg towards the 
Al side in the Al/Mg joints, hence, the intense diffusion 
of Al in the reaction layer is observed [17]. From the 
Al−Mg equilibrium diagram and the reported 
composition results in Figs. 6 and 7, the formation of 
γ(Al12Mg17) and β(Al3Mg2) intermetallic compounds in 
the bonding zone can be anticipated. Region A is 
composed of γ, which is considered Mg and Al solid 
solution. A mixture of γ and β and a mixture of γ and β 

 

 

Fig. 7 EDS spectra of layers in zone A (a), zone B (b) and zone 
C (c) of specimen welded at 430 °C for 120 min 
 
with higher mass fraction of β are the formed layers in 
regions B and C, respectively. 

In Derby’s theoretical model [18−20], the possible 
diffusion bonding mechanisms are identified as: 1) the 
plastic deformation of surface asperities; 2) the 
power-law creep deformation of the surface; 3) the 
diffusion of matter from interfacial void surfaces to 
growing necks; 4) the diffusion of matter from bonded 
regions on the interface to growing necks. At the 
beginning of diffusion welding, Mg and Al atoms have a 
driving force to diffuse into the contact interface with 
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different content gradients. After that, they diffuse to the 
irregular interface with much micro-interstice and the 
contents of Mg and Al increase. The reaction between 
Mg and Al atoms happens and a layer containing Mg and 
Al forms. Then, the concentrated Al at the Mg/MgAl 
interface begins to diffuse to the Mg side across the 
original boundary with the increase of temperature. After 
that, the reaction 17Mg+12Al→Al12Mg17 takes place and 
the Al12Mg17 phase forms. At the third stage, the 
concentrated Mg at the MgAl/Al interface also diffuses 
to the Al side. Then, the reaction 2Mg+3Al→Al3Mg2 
occurs and the Al3Mg2 phase forms. Finally, with the 
continuous increase of heating temperature, Mg and Al 
atoms in the Mg/Al ITZ continuously diffuse into each 
other. However, the phases in the ITZ do not change any 
longer, in other words, only the thickness of the 
intermetallic layer increases gradually [21]. 
 
3.2 Mechanical strength 

The microhardness profiles were measured out 
across the diffusion bonded joints in the temperature 
range of 430−450 °C during welding for 60 and 120 min. 
It can be seen from Fig. 8 that by increasing the bonding 
temperature, the hardness increases significantly in the 
reaction layer. The Al and Mg base materials have the 
average hardness values of HV 60 and HV 40, 
respectively. While in the reaction layer, some quite large 
microhardness values are noticeable, the largest value is 
HV 176, due to the formation of brittle intermetallic 
compounds at 450 °C with the holding time of 120 min. 
It reveals that by increasing the temperature, the amount 
of intermetallic compounds and solid solution in the 
diffusion bonding will increase too, which leads to the 
increase of microhardness values in the joint [5]. The 
influences of time on the microhardness were determined 
(Fig. 9). It can be seen that the diffusion welding at   
430 °C for 60 min leads to the maximum hardness  
value of HV 70 in the interfacial layer, while it reaches  
 

 
Fig. 8 Effect of temperature on microhardness across bonding 
line with holding time of 120 min 

 

 
Fig. 9 Effect of holding time on microhardness across bonding 
line at 430 °C 
 
HV 100 at the same temperature with the holding time of 
120 min. The increase of hardness value due to the 
increase of holding time is attributed to the growth of  
the brittle intermetallic compounds Al3Mg2 and    
Al12Mg17 [17]. 

The effect of welding temperature on the shear 
strength is shown in Fig. 10. It is indicated that by 
increasing the welding temperature, the bonding strength 
reduces due to the enhanced volume fraction of brittle 
intermetallics. At the holding time of 60 min, the 
maximum amount of the shear strength at 430 °C is up to 
24 MPa and that at 450 °C decreases to 15 MPa which is 
related to the bonded samples. At lower welding 
temperature, the plastic deformation of the bonding 
surface asperities causes close contact, which 
counterbalances the embrittlement because of the 
intermetallic compounds. Therefore, the shear bond 
strength obviously improves. It is observed that the 
thickness of brittle intermetallic compounds significantly 
increases at 450 °C and the embrittlement effect over- 
balances the positive effect obtained because of the 
 

 
Fig. 10 Effect of temperature on shear strength of welded joints 
with holding time of 60 min 
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improvement in coalescence of faying surfaces [7]. 
Therefore, the shear bonding strength drops. As 
illustrated in Fig. 11, a further drop in joining strength is 
observed by increasing the holding time. For longer 
bonding time (120 min), the most pronounced features 
such as composition homogenization and grain 
coarsening are observed at the interface. The brittle 
compounds (Al12Mg17 and Al3Mg2) and grain coarsening 
of the joint are the main reasons for impairing the joint 
shear strength with longer holding time [7]. 
 

 
Fig. 11 Effect of holding time on shear strength of welded 
joints at 430 °C 
 
4 Conclusions 
 

1) 7075Al alloy and AZ31B Mg alloy were bonded 
successfully by diffusion bonding process. For holding 
time of 60 min, increasing the bonding temperature from 
430 to 450 °C leads to more atoms diffusing across the 
interface, and the thickness of ITZ layer increases by 6%. 
But that increases by 26% for the holding time of    
120 min. This finding shows that increasing temperature 
along with selecting the proper welding time can have a 
remarkable effect on the thickness of ITZ layer. 

2) The EDS analysis of the joints shows that the 
formed layers in zones A, B, C from the Mg side towards 
the Al side are composed of γ(Al12Mg17), a mixture of γ 
and β(Al3Mg2), and a mixture of γ and β with higher 
mass fraction of β, respectively. 

3) The shear strengths of the joints which were 
bonded at the temperature range of 430−450 °C for 60 
and 120 min indicate that increasing both the 
temperature and holding time causes more intermetallic 
compounds. As a result, the shear strength has a 
considerable reduction. Moreover, due to the existence of 
different reaction products and brittle phases, the 
hardness of the joints in the interfacial transition zone is 
enhanced by increasing the temperature and holding time. 
The maximum hardness of HV 176 is achieved during 
the test conducted at 450 °C for 120 min. 
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焊接温度和焊接时间对 7075 铝合金和 
AZ31B 镁合金扩散焊接头性能的影响 
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2. Department of Engineering, Kermanshah Branch, Islamic Azad University, Kermanshah 6718997551, Iran 

 
摘  要：在压力 29 MPa、不同焊接温度和焊接时间下，采用扩散焊技术连接 7075 铝合金和 AZ31B 镁合金。对

样品界面进行扫描电镜观察、剪切测试和显微硬度测试来研究焊接温度和焊接时间对可焊性的影响。结果表明： 

7075 铝合金/AZ31B 镁合金复合板材被很好地连接在一起，且在焊合区形成金属间化合物如 Al12Mg17 和 Al3Mg2。

由于晶粒粗化和脆性化合物的形成，升高焊接温度和延长焊接时间会导致剪切强度降低和界面焊接硬度增加。在

450 °C 焊接 120 min 得到的扩焊接接头具有最小的剪切强度(15 MPa)和最大的显微硬度(HV 176)。提高焊接温度

且选择合适的焊接时间能显著地提高焊接界面层厚度。将焊接温度从 430 °C 提高到 450 °C，焊接时间为 120 min

时，焊接界面层厚度增加了 26%，而当焊接时间为 60 min 时，界面层厚度增加了 6%。 

关键词：Al 合金；Mg 合金；扩散焊；焊接温度；焊接持续时间 

 (Edited by Mu-lan QIN) 

 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


