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Abstract: Recycling of the materials often requires modification of the manufacturing processes or application of the techniques to eliminate impurities that enter the material 
during recycling process. The main and the most detrimental impurity of the secondary (recycled) aluminium alloy is iron. Low iron solubility in aluminium leads to formation 
of the significant amount of harmful intermetallic phases that decrease foundry and mechanical properties of the final castings. Elimination of the detrimental iron effects 
might be achieved by addition of some chemical elements to change morphology of the intermetallic phase or to reduce negative effects of the phase to alloy properties. 
Gradual increase in the amount of nickel in the AlSi10MgMn alloy with a higher iron content is described in the presented article. From the selected additions of nickel (0,1, 
0,3 and 0,5 wt.% Ni), the most favourable results were achieved by the addition of 0,5 wt. % Ni. Structural analysis of all experimental alloys (without addition and with a 
gradual addition of Ni) and related changes in measuring tensile and hardness properties is present. 
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1 INTRODUCTION 
 

In Al-Si-Mg alloys, magnesium is intentionally added 
(the amount is most often in the range of 0,25 to 0,45 wt. 
% Mg) in order to ensure the formation of an intermetallic 
compound Mg2Si. The formation of the intermetallic 
compound Mg2Si during the hardening process imparts the 
desired strength characteristics to the alloy with a slight 
decrease in ductility. The biggest customers of Al-Si-Mg 
alloy castings are the automotive and aerospace industries, 
where they are used as the highly stressed products. Quality 
of Al-Si-Mg alloys is besides the size, distribution, and 
morphology of the Si particles strongly influenced by the 
amount of impurities [1-3]. 

The presence of iron can be considered as the most 
common impurity in aluminum alloys. Due to its presence, 
iron causes the formation of harmful intermetallic phases, 
which negatively affect the quality of the castings. [4, 5].  

Nickel is frequently recommended as iron "corrector" 
in the literary sources. Intermetallic compound Al9FeNi 
formed at the presence of Ni and Fe increases tensile 
strength, but also embrittlement of the castings. 
Simultaneous influence of Ni and Fe in Al-Si alloys with 
Si content above 5 wt. % expressively decreases plasticity, 
fluidity and corrosion resistance. A group of authors [6, 7] 
predicates moderate increasing of strength and elongation 
at indoor and elevated temperature, but only if Ni behaved 
as an iron modifier. Otherwise its influence, especially on 
the elongation is negative. Nickel reduces the coefficient 
of thermal expansion of Al alloys as a rule. Mutual Ni and 
Fe influence in Al-Si alloys enhances the alloy resistance 
to aggressive influence of warm water or steam [7]. 

Nickel is added in small amounts to Al-Si alloys in 
order to increase the strength properties of the casting at 
elevated temperatures and increase the corrosion 
resistance. On the other hand, the increased Ni content 
decreases the foundry properties of the alloy. The addition 

of Ni results in the formation of an Al3Ni intermetallic 
phase which has the solidification temperature of 
approximately 640 °C [8, 9]. 

The solubility of nickel in a solution of aluminum at a 
eutectic temperature is only 0,05 wt. % Ni and with 
decreasing temperature the solubility of Ni is at the level of 
0,01 wt. % Ni. Nickel together with aluminum can, in 
addition to the mentioned Al3Ni phase, also form inter 
metallic phases AlNi, AlNi3, Al3Ni2 and Al3Ni5 [9, 10]. 

There is still not enough information about the nickel 
influence to microstructure and mechanical properties of 
the Al-Si-Mg alloys with elevated iron level over the 
tolerance. In this article, nickel influence in the amount of 
up to 0,5 wt. % in the AlSi10MgMn alloy with increased 
iron content is evaluated. 

 
2 MATERIAL AND METHODOLOGY  

 
Aluminium AlSi10MgMn cast alloy was used to 

perform experiments. Commercial aluminium alloy was 
firstly polluted by iron in the form of AlFe10 master alloy 
to obtain alloy with approximately 1 wt. % of Fe 
(AlSi10MgMnFe1). Increased iron level was chosen in 
order to get highly polluted alloy that represents secondary 
(recycled) material. The alloy was then poured and ingots 
for the next stage of experiments were prepared. Pouring 
temperature was 760 ± 5 °C. Such alloy was after that 
alloyed by nickel. The AlSi10MgMnFe1 alloy was melted 
in a graphite crucible using an electric resistance furnace 
and after the melt reached alloying temperature (780 ± 5 
°C), required amount of Ni was added. Addition of nickel 
in the experiment was 0,1, 0,3 and 0,5 wt. %, respectively. 
AlNi20 master alloy was used to nickel addition. The melts 
were not further purified, modified or grain refined. 
Prepared melts were then poured into permanent moulds 
preheated to 200 ± 5 °C.  

 
Table 1 Chemical compositions of all AlSi10MgMn experimental alloys 

Elements 
Si 

/ wt. % 
Fe 

/ wt. % 
Ni 

/ wt. % 
Mg 

/ wt. % 
Mn 

/ wt. % 
Cu 

/ wt. % 
Zn 

/ wt. % 
Ti 

/ wt. % 
AlSi10MgMn 10,22 0,448 0,005 0,277 0,108 0,047 0,029 0,046 

AlSi10MgMnFe1 9,73 0,980 0,016 0,313 0,118 0,048 0,026 0,041 
AlSi10MgMnFe1 (0,1 wt. % Ni) 12,24 2,182 0,309 0,540 0,250 0,087 0,068 0,068 
AlSi10MgMnFe1 (0,3 wt. % Ni) 9,93 2,153 0,273 0,297 0,100 0,043 0,082 0,032 
AlSi10MgMnFe1 (0,5 wt. % Ni) 9,64 1,697 0,621 0,283 0,105 0,042 0,085 0,033 
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Tab. 1 shows the chemical composition of all 
experimental alloys. From the obtained castings, 
specimens to tensile testing, hardness testing and 
microstructure evaluation were prepared. 

The microstructure analysis of the experimental alloys 
was performed by a NEOPHOT 32 (optical microscope) 
and a VEGA LMU II (scanning electron microscope) with 
EDX analysis of Brucker Quantax EDX analyzer. Analysis 
of the impact of wt. % Ni for crystallization of 
experimental alloys structural components was performed 
by thermal analysis (K-type thermocouple - NiCr-Ni). 

 
3 RESULTS OF EXPERIMENTS 
3.1 Crystallization Process and Microstructural Analysis 
 

Based on the recorded values from the measurement of 
the thermal analysis, cooling curves and their first 
derivatives were created and the individual phase transition 
temperatures of the AlSi10MgMnFe1 alloy with a graded 
amount of Ni were determined. The nucleation 
temperatures of the individual structural components are 
given in Tab. 2. 

 
Table 2 Characteristic transformation temperatures of structural components of 

AlSi10MgMnFe1 alloy with a graded amount of Ni 

AlSi10MgMnFe1 
Tlig 

/ °C 
TFe-rich 
/ °C 

Teutectic 
/ °C 

without the addition of Ni 591 575 566 
0,1 wt. % Ni 587 573 552 
0,2 wt. % Ni 591 573 557 
0,5 wt. % Ni 588 576 551 

 
The liquidus temperatures and nucleation temperatures 

of the iron-rich phases did not change significantly in all 
experimental alloys due to the increase in the amount of Ni 
and were in a narrow interval (± 3 °C). A more significant 
change occurred at the nucleation temperatures of eutectic 
Si, where a decrease was noted with each addition of Ni. 
Addition of 0,5 wt. % Ni caused a 15 °C decrease in the 
nucleation temperature of eutectic Si from 566 °C (without 
the addition of Ni) to 551 °C. 

A light microscope image of the microstructure of the 
AlSi10MgMnFe1 alloy is shown in Fig. 1. It can be seen 
that platelets (needles in micrograph) of β-Al5FeSi phases 
are present in the interdendritic regions as well as 
precipitated along with the eutectic Si. Needles seem to be 
evenly distributed in the alloy and also length does not vary 
significantly.  

 

 
Figure 1 Microstructure of AlSi10MgMnFe1 alloy, etch. 20 ml H2SO4 + 100 ml 

H2O 

Point EDX analysis of the needle-like phase is shown 
in Fig. 2. The analysis shows presence of Al, Si, Fe and low 
amount of Mn, which means that it is a phase β-AlSiFe, 
probably Al5FeSi. 
 

 
Figure 2 Point EDX analysis of needle particles β - Al5FeSi phase in 

AlSi10MgMnFe1 alloy, SEM 
 
Dimensions of the needle-like particles started to vary 

after the addition of 0,1 wt. % of Ni (Fig. 3). Formation of 
thicker needle-like phases was observed but along with 
them also high number of short and thin particles can be 
seen.  

 

 
Figure 3 Microstructure of AlSi10MgMnFe1 alloy with addition of 0,1 wt. % of Ni, 

etch. 20 ml H2SO4 + 100 ml H2O 
 

After addition of 0,3 wt. % of Ni (Fig. 4), thickness 
and length of the iron intermetallics seem to decrease and 
after addition of the 0,5 wt. % (Fig. 5) the effect is even 
more evident. 
 

 
Figure 4 Microstructure of AlSi10MgMnFe1 alloy with addition of 0,3 wt. % of Ni, 

etch. 20 ml H2SO4 + 100 ml H2O 
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Figure 5 Microstructure of AlSi10MgMnFe1 alloy with addition of 0,5 wt. % of Ni, 

etch. 20 ml H2SO4 + 100 ml H2O 
 
Measuring of the needles length was performed on the 

samples to confirm the assumption. Results are shown in 
Tab. 3. Average length of the particles decreased after 
nickel addition and minimal average length was measured 
in the alloy with 0,5 wt. % of Ni. 

 
Table 3 Average length of iron based needles after nickel addition 

Nickel addition / wt. % 0,1 0,3 0,5 
Average length of needles / μm 147 87 48 

 
Analysis of the chemical composition by point EDX 

analysis of the needle-like phases after nickel addition is 
shown in Figs. 6 to 8.  
 

 
Figure 6 Point EDX analysis of needle particles iron phase in AlSi10MgMnFe1 

(0,1 wt. % of Ni) alloy, SEM 
 

 
Figure 7 Point EDX analysis of needle particles iron phase in AlSi10MgMnFe1 

(0,3 wt. % of Ni) alloy, SEM 
 

Presence of nickel in needle-like phase in alloy with 
addition of Ni in amount of 0,1 wt. % was not detected. 

After addition of 0,3 and 0,5 wt. % of Ni, point EDX 
analysis shows nickel presence in the needle-like phases. 
Higher amount of Ni has been measured after nickel 
addition 0,5 wt. % (Fig. 8). 
 

 
Figure 8 Point EDX analysis of needle particles iron phase in AlSi10MgMnFe1 

(0,5 wt. % of Ni) alloy, SEM 
 
3.2 Mechanical Properties 
 

The results from static tensile test and hardness 
measuring are shown in Tab. 4. Tensile strength after Ni 
addition of 0,1 wt. % decreased. The same effect has been 
observed in the elongation. Higher nickel addition leads to 
increasing of the alloy tensile strength and also elongation. 
Tensile strength reached after addition of Ni values was 
higher than AlSi10MgMnFe1 alloy but elongation of the 
alloys was always lower. 

 
Table 4 Mechanical properties of AlSi10MgMnFe1 alloy with different Ni addition 

Nickel addition / 
wt. % 

Tensile strength  
Rm / MPa 

Elongation 
A5 / % 

Hardness / 
HB 

0 171 1,1 81 
0,1 145 0,7 78 
0,3 173 0,9 81 
0,5 176 1,0 79 

 
Measuring of the Brinell hardness does not show 

significant differences between results after nickel 
addition. The highest hardness was measured in alloy 
AlSi10MgMnFe1 and the same value was after addition of 
Ni in the amount of 0,3 wt. %. 

 
4 DISCUSSION 

 
Nickel influence was examined in AlSi10MgMn alloy 

with increased iron level. Addition of iron in commercial 
alloy causes formation of high number of intermetallic 
phases evenly dispersed in the microstructure. Point EDX 
analysis of the needle-like particles shows increased 
presence of Al, Si, Fe and also small amount of Mn. 
Manganese is present in the commercial alloy to decrease 
iron effect. In such high iron level the formation of 
intermetallics Al15(Fe,Mn)3Si2 with script-like 
morphology is low, as the Mn to Fe ratio is only 0,12 (0,5 
is recommended [11]). 

Addition of nickel in amount 0,1 wt. % leads to uneven 
distribution of iron intermetallics. Intermetallic phases 
present in the alloy were mainly with platelet morphology. 
Formation of longer and thicker phases was observed 
together with short and thin particles. This distribution 
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possibly leads to decreasing of tensile strength and 
elongation of the final castings. Presence of Ni in platelet-
like particles after addition of 0,1 wt. % of Ni was not 
detected by EDX analysis. Solid solubility of Ni in 
aluminium can be up to 0,24 wt. % [12-14]. Because of this 
fact, Ni in amount of 0,1 wt. % does not have to act as an 
iron "corrector" and tensile properties of such alloy might 
decrease.  

Increasing of the nickel level to 0,3 and 0,5 wt. % 
positively influenced tensile strength and also elongation 
of the alloy. Better results were observed in tensile strength 
that reached higher values than alloy without nickel. 
Differences in distribution of iron-based intermetallics 
were not significant, but shortening of average length of 
needles was evident. Chemical analysis shows presence of 
the Ni in intermetallic phases. Presence of the Ni in iron-
based phases might decrease negative influence of the 
particles to tensile strength and also reduce its length. 
Elongation of the alloy after nickel addition does not reach 
values of the alloy with increased iron level. Similar 
behaviour of the alloys after Ni addition was observed by 
other authors [11, 15, 16]. Elongation of the Al-Si alloys 
with higher iron level is mainly determined by shape and 
the amount of iron-intermetallics. As the distribution of 
platelets in the alloy with 0,5 wt. % of Ni corresponds to 
the alloy after iron addition, nickel influence to elongation 
is not significant. 

 
5 CONCLUSION 

 
Several conclusions can be stated from experimental 

measures of nickel addition to AlSi10MgMn alloy with 
increased iron level as follows: 
1) Nickel addition to the alloy in an amount lower than 

nickel solubility might lead to decrease of mechanical 
properties and unfavourable microstructure. 

2) Presence of Ni in platelet-like particles can be detected 
after addition of Ni in the amount 0,3 wt. % and higher. 

3) Nickel addition in the amount 0,3 wt. % and higher 
increases tensile strength but elongation might 
decrease. 

4) Optimal nickel addition as the iron "corrector" is 0,5 
wt. %. 

 
Acknowledgements 

 
The article was created as part of the VEGA grant 

agency project: 1/0494/17. The authors thank the agency 
for their support. 

 
6 REFERENCES  
 
[1] Zhang, Y. et al. (2014). Efficient use of iron impurity in Al-

Si alloys. Journal of Alloys and Compounds, 615, 594-597. 
https://doi.org/10.1016/j.jallcom.2014.06.114 

[2] Blatnicky, M., Saga, M., Dizo, J., & Bruna, M. Application 
of Light Metal Alloy EN AW 6063 to Vehicle Frame 
Construction with an Innovated Steering Mechanism. 
Materials, 13(4). https://doi.org/10.3390/ma13040817 

[3] Pastirčák, R. (2014). Effect of low pressure Application 
during Solidification on Microstructure of AlSi Alloys. 
Manufacturing Technology, 564, 397-400. 
https://doi.org/10.21062/ujep/x.2014/a/1213-2489/MT/14/3/397 

[4] Medlen, D. & Bolibruchova, D. (2012). The Influence of 
Remelting on the Properties of AlSi6Cu4 Alloy Modified by 
Antimony. Archives of Foundry Engineering, 12(1), 81-86. 
https://doi.org/10.2478/v10266-012-0016-y 

[5] Ji, S. et al. (2013). Effect of iron on the microstructure and 
mechanical property of Al-Mg-Si-Mn and Al-Mg-Si die cast 
alloys. Materials Science & Engineering A, 564, 130-139. 
https://doi.org/10.1016/j.msea.2012.11.095 

[6] Shabestari, S. G. (2004). The effect of iron and manganese 
on the formation of intermetallic compounds in aluminium-
silicon alloys. Materials Science & Engineering A, 383, 289-
298. https://doi.org/10.1016/S0921-5093(04)00832-9 

[7] Gao, J. W. et al. (2007). Effects of Na2B4O7 on the 
elimination of iron from aluminum melt. Scripta Materialia, 
57, 197-200. https://doi.org/10.1016/j.scriptamat.2007.04.009 

[8] Cao, X. & Campbell, J. (2006). Morphology of β-Al5FeSi 
Phase in Al-Si Cast Alloys. Materials Transactions, 47(5), 
1303-1312. https://doi.org/10.2320/matertrans.47.1303 

[9] Šerák, J. et al. (2008). Snížení obsahu železa ve slitinách 
AlSiCuMgFe. Metal, 1-6. 

[10] Petrík, J., Szarvasy, P., & Špeťuch, V. (2004). 
Vlastnostisilumínu s obsahomželeza, niklu a mangánu. Acta 
Metallurgica Slovaca, 10(2), 73-79. 

[11] Petrík, J. & Horvath, M. (2011). The iron correctors in Al-Si 
alloys. Annals of Faculty Engineering Hunedoara. 
International journal of engineering, 9(3), 401-405. 

[12] Taylor, J. A. (2012). Iron-containing intermetallic phases in 
Al-Si based casting alloys. Procedia Materials Science, 1, 
19-33. https://doi.org/10.1016/j.mspro.2012.06.004 

[13] ASM Handbook (1992). Volume 3. Alloy Phase Diagrams. 
1st. ed. USA : ASM International. 

[14] Michna, Š. et al. (2005). Encyklopedie hliníku. 1. vyd. 
Prešov, Slovakia : Adin. 

[15] Martinec, D., Pastircak, R., & Kantorikova, E. (2020). Using 
of Technology Semisolid Squeeze Casting by Different 
Initial States of Material. Archives of Foundry Engineering, 
20(1), 117-121. https://doi.org/10.21062/mft.2020.012 

[16] Richtárech, L., Bolibruchová, D., Brůna, M., & Caiss. J. 
(2015). Influence of Nickel Addition on Properties of 
Secondary AlSi7Mg0.3 Alloy. Archives of Foundry 
Engineering, 20(2), 95-98. 
https://doi.org/10.1515/afe-2015-0046 

 
 
Contact information: 
 
Mária ŽIHALOVÁ, Ing., PhD 
University of Žilina, Faculty of Mechanical Engineering,  
Department of Technological Engineering, 
Univerzitná 1, 010 26 Žilina 
E-mail: maria.zihalova@fstroj.uniza.sk 
 
Dana BOLIBRUCHOVÁ, prof. Ing., PhD 
(Corresponding author) 
University of Žilina, Faculty of Mechanical Engineering,  
Department of Technological Engineering, 
Univerzitná 1, 010 26 Žilina 
E-mail: danka.bolibruchova@fstroj.uniza.sk 
 
Marek MATEJKA, Ing., PhD 
University of Žilina, Faculty of Mechanical Engineering,  
Department of Technological Engineering, 
Univerzitná 1, 010 26 Žilina 
E-mail: marek.matejka@fstroj.uniza.sk 



<<
  /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
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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


