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Abstract

Casting is a metal-forming process in which molten metal is poured into a
mold and allowed to solidify to produce components of a desired shape.
Commonly used natural sand types for mold materials include mountain
sand, beach sand, river sand, and silica sand. This study aims to investigate
the influence of sand type on the porosity and hardness of Aluminum 6061
castings reinforced with alumina (Al,O3). The experiment utilized
Aluminum 6061 mixed with 10% Al,O3 by weight, melted in a furnace, and
cast into molds made from two different sand types: Karoso Beach sand and
mountain sand. The hardness of the cast specimens was measured using a
Rockwell Hardness Tester on the H scale. Results showed that the average
hardness of the specimen using Karoso Beach sand was 117.2 HRH, while
the specimen using mountain sand achieved a slightly higher hardness of
119.8 HRH. Porosity was evaluated using Archimedes' principle, comparing
the weight of the specimens in air and in water. The results showed that the
specimen cast with Karoso Beach sand had a porosity of 3.439%, while the
specimen cast with mountain sand had a lower porosity of 3.226%. These
findings suggest that mountain sand produces castings with better
mechanical properties due to its lower porosity and higher hardness.
Keywords: sand casting, moulding, A1203, hardness, porosity.

Introduction

Technological progress in the field of manufacturing has led to significant innovations
in how products are designed and produced. Among the foundational processes that
support these advancements is metal casting, a method used to create components by
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pouring molten metal into a mold and allowing it to solidify. Casting has long played a
vital role in shaping mechanical parts with intricate geometries and is integral to a
variety of industrial sectors, including automotive, construction, aerospace, marine,
and heavy machinery [1]. Through casting, industries can produce large quantities of
parts with relatively low production costs while still maintaining structural complexity
and integrity.

Aluminum casting, particularly when reinforced with ceramic particles such as
alumina (Al,O3), has emerged as a promising method for producing high-performance
components. The addition of alumina enhances mechanical properties such as
hardness, wear resistance, and thermal stability, making the resulting metal matrix
composite (MMC) suitable for high-stress applications, including engine parts,
structural frames, and components exposed to extreme environments [2]. However, the
success of this process is not only dependent on the alloy composition but also on the
mold material, which plays a crucial role in determining the surface finish,
dimensional accuracy, porosity, and overall quality of the final casting [3].

Sand casting remains the most used casting method due to its flexibility, cost-
effectiveness, and ability to accommodate various sizes and shapes. The mold,
typically composed of sand bonded with a binder, acts as a negative cavity that forms
the shape of the desired product. Several types of natural sand are commonly used in
this process, including mountain sand, beach sand, river sand, and silica sand [4]. Each
type has distinct properties, such as grain shape, particle size distribution, mineral
content, and moisture absorption capacity, all of which influence the mold's behavior
under thermal and mechanical stress during casting [5], [6].

In practice, the mold must be able to withstand high temperatures and permit
adequate gas permeability while maintaining its shape during metal pouring and
solidification. Improper mold selection may lead to common casting defects such as
porosity, shrinkage cavities, poor surface finish, or insufficient hardness in the final
product. Therefore, understanding the relationship between sand type and casting
quality is essential in optimizing the process, particularly when casting aluminum
alloys with ceramic reinforcements [7].

This research focuses on investigating the influence of different sand types—
specifically mountain sand, Pero beach sand, and Karoso beach sand—on the porosity
and hardness of Aluminum 6061 alloy castings reinforced with Al,O3. Aluminum
6061 is widely known for its good corrosion resistance, strength-to-weight ratio, and
weldability, and is commonly used in structural applications. The inclusion of 10%
Al,O3 by weight aims to enhance its mechanical characteristics further [8].

The casting process was carried out using a melting furnace at a controlled
temperature of 770°C, and an open mold casting technique was employed. The mold
sands were evaluated based on their physical characteristics before casting, and the
cast products were subjected to porosity testing and hardness testing to assess their
quality. By comparing the results across different mold types, this study aims to
identify the most suitable sand for producing high-quality aluminum-alumina castings
[9].

This study investigates how different types of sand used as molding materials—
specifically mountain sand, Pero beach sand, and Karoso beach sand—affect the
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porosity and hardness of Aluminum 6061 castings reinforced with alumina (Al,O3).
Porosity and hardness are critical indicators of casting quality, influenced by the
interaction between molten metal and mold material. By comparing the performance of
various sands, the research aims to identify the most suitable molding material to
produce aluminum-alumina composites with minimal porosity and optimal hardness.

The scope of this study is limited to the use of three specific types of molding sand:
mountain sand, Pero beach sand, and Karoso beach sand. The casting material consists
of Aluminum 6061 alloy reinforced with 10% alumina (Al,O3) by weight (ratio 10:1),
using 500 grams of aluminum and 50 grams of Al,Os. The casting process is
conducted at a fixed temperature of 770°C using the open mold gravity casting
method. The analysis focuses solely on two output parameters—porosity and
hardness—without examining other variables such as sand grain size distribution,
moisture content, binder type, or particle size of the reinforcement. As such, the
conclusions drawn are specifically applicable to the selected materials and controlled
experimental conditions.

Experimental Methods
A. Materials

This study utilized two types of natural sand as molding materials: mountain sand
sourced from Mount Lumajang (East Java) and beach sand collected from Karoso
Beach, located in Kodi District, Southwest Sumba, East Nusa Tenggara (NTT),
Indonesia. These sands were selected due to their natural abundance and distinctive
physical characteristics, which may influence casting quality. The primary metal used
for casting was Aluminum 6061, a widely used aluminum alloy known for its good
mechanical strength and corrosion resistance. To enhance its mechanical properties,
the aluminum was reinforced with alumina (Al,O3) particles. The mixture ratio used
was 10:1 by weight, consisting of 500 grams of Aluminum 6061 and 50 grams of
A1203.
B. Mold Preparation

The molds were prepared using the traditional sand-casting method. Each mold was
formed within a rectangular mold box (flask) by packing the selected sand around a
physical pattern. The pattern used for mold cavity formation was a motorcycle front
gear component, chosen for its complex shape and relevance to real-world
applications. The gear was positioned in the mold box, embedded into the compacted
sand, and then carefully removed, leaving a negative cavity in the shape of the gear.
This cavity served as the mold for molten metal pouring.
C. Casting Process

The casting process began by melting the Aluminum 6061 and Al,O3; mixture in a
crucible using an oxy-acetylene welding torch (carbide welding). The melting
temperature was maintained at approximately 770°C, which is within the optimal
range for Aluminum 6061 to achieve fluidity while ensuring the dispersion of Al,O3
particles. Once fully melted, the molten metal composite was carefully poured into the
prepared sand molds. The molds were then allowed to cool under ambient conditions
(air cooling) until solidification was complete. After cooling, the cast products were
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removed from the molds and cleaned of any residual sand or oxides for further
analysis.
D. Testing and Analysis

Two key performance parameters of the cast products were evaluated: hardness and
porosity.

e Hardness Testing was conducted using a Rockwell Hardness Tester (H scale).
Ten measurement points were randomly selected on the surface of each casting
to obtain an average hardness value for each sample. This method provided
insight into the mechanical strength of the material.

o Porosity Analysis was carried out using the Archimedes principle, where the
mass of the casting was measured in air and then in water.

The results from both the hardness and porosity tests were used to compare the
performance of the aluminium-alumina castings produced using mountain sand and
beach sand molds. Statistical analysis and visual data comparisons were conducted to
evaluate the impact of the sand type on casting quality.

Result and Discussion

In this study, the evaluation of the casting quality was conducted through two primary
tests: hardness testing and porosity analysis. These tests were performed to assess the
mechanical strength and internal integrity of the cast products, providing critical
insights into the influence of molding sand types on the final material properties.

A. Hardness Test Result

In this study, the quality of the cast products was evaluated through hardness testing
and porosity analysis, which serve as key indicators of mechanical performance and
internal soundness. The hardness test was conducted using a Rockwell Hardness
Tester, specifically applying the H scale. Measurements were taken at ten different
points on the surface of each sample, labeled T1 - T10, to obtain an accurate and
representative average value of surface hardness across the casting. This approach
ensures a more reliable assessment of the material's resistance to deformation and
surface consistency.
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Figure. 1: Hardness test results of casting result.

Based on the results illustrated in Fig. 1, the average hardness of castings produced
using Karoso Beach sand (NTT) as the molding material was recorded at 117.2 HRH,
equivalent to approximately 80 HRB. In comparison, castings made with mountain
sand from Lumajang demonstrated a slightly higher average hardness of 119.8 HRH,
or approximately 84 HRB. These findings indicate that mountain sand yields better
hardness characteristics in aluminum-alumina (Al 6061 + Al,O3) castings than beach
sand, suggesting that the physical and thermal properties of mountain sand—such as
finer grain structure, higher compaction, and lower moisture content—contribute to
improved mold integrity and heat transfer during solidification.

When compared to previous studies, the hardness results of this study appear
significantly higher. Study on Al-Si alloy casting using Balikpapan beach sand as the
molding material and reported a hardness of only 86 HV, equivalent to approximately
20 HRB [10]. This demonstrates that Aluminum 6061 reinforced with Al,Os; and
molded using Karoso or Lumajang sand offers superior mechanical performance.
Similarly, in aluminum casting using recycled materials with the sand casting method,
reported a hardness value of 66.9 HRB, which is significantly lower than the values
achieved in the present study [11].

Furthermore, using the lost foam casting method for aluminum, obtained a hardness
of 69.357 VHN, or approximately 55 HRB, again highlighting the advantage of
combining Al,O3 reinforcement with carefully selected molding sands in traditional
sand casting [12], [13]. On the other hand, another study using Kelud mountain sand in
the casting of Al-Si alloys yielded a hardness of 125.7 HV (approximately 73 HRB)
[14], which, while high, still falls slightly below the hardness achieved using
Lumajang mountain sand in this study.

Overall, these comparisons underscore the importance of both mold material
selection and reinforcement composition in determining the final hardness of cast
aluminum products. The findings support the conclusion that mountain sand,
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particularly from Lumajang, is a more effective molding medium than beach sand for
achieving higher hardness in Aluminum 6061-Al,03 castings.

B. Porosity Test Result

To evaluate the porosity of the cast specimens, a two-step measurement method
based on Archimedes’ principle was employed. First, the weight of each specimen in
air (Wa) and the weight in water (Ww) were measured using a precision digital
balance. These values were then used to calculate the apparent density (Da) of the
specimens using the following formula:

D - Wa. Dw
27 Wa— Ww
Where:

Da = apparent density of the specimen (g/cm?)

Dw = density of water (typically 1 g/cm? at room temperature)
Wa = weight of the specimen in air (g)

Ww = weight of the specimen in water (g)

The theoretical density of the Aluminum 6061-Al,0O3; and the measured (actual)
density obtained from experimental data were then used to calculate the porosity
percentage of the cast product. This calculation provides a quantitative measure of the
internal voids or air pockets present within the material, which can significantly affect
the mechanical performance and structural integrity of the casting.

P= (1 - D—h)x 100%

Dt
Where:
P % : percentage of porosity in the cast products (%)
Da : actual (measured) density of the specimen (g/cm?)
Dth  : theoretical density of the material (g/cm?), assumed to be 2.70 g/cm® for
Aluminum 6061.
Based on the formula above, the porosity results can be shown in Fig. 2.
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Figure 2: Porosity test results of casting result
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Based on the data presented in Fig. 2, the porosity value of aluminum castings using
Karoso Beach sand as the molding material was recorded at 3.439%, while castings
using Mount Lumajang mountain sand exhibited a slightly lower porosity value of
3.226%. These results indicate that mountain sand yields lower porosity compared to
beach sand, suggesting better mold stability and gas permeability during the casting
process. Lower porosity levels are generally associated with improved compactness
and reduced formation of internal voids during solidification.

This finding aligns with and extends previous research. For instance, another study
reported a significantly higher porosity value of 5.84% in aluminum castings produced
using river sand from Tanjung Bintang, South Lampung [15]. When compared across
all three sand types—mountain, beach, and river sand—it is evident that mountain
sand consistently results in lower porosity, followed by beach sand, while river sand
produces the highest porosity levels. This variation can be attributed to differences in
grain size distribution, moisture content, and compaction properties of each sand type
[16], [17].

Porosity plays a critical role in determining the mechanical performance of cast
aluminum, particularly in relation to its hardness. Increased porosity introduces micro-
voids and discontinuities within the metal structure, leading to decreased material
density and reduced resistance to deformation. In this study, it was observed that
specimens with lower porosity exhibited higher hardness values, whereas those with
higher porosity showed a noticeable reduction in hardness. This inverse relationship
underscores the importance of controlling porosity to enhance the mechanical integrity
of aluminum castings [18].

Therefore, minimizing porosity through proper selection of molding materials—
such as mountain sand—and optimized casting parameters is essential for producing
high-quality cast products with improved structural and mechanical properties. This
finding is particularly relevant for applications where strength and durability are
critical.

Conclusion

The results of this study indicate that mountain sand produces castings with higher
hardness values compared to those made with beach sand. This difference in
mechanical performance can be attributed to the lower porosity observed in castings
using mountain sand. The reduced porosity suggests that mountain sand molds are
more effective at containing molten metal, providing better compaction and
permeability, which helps to minimize the formation of internal air cavities during the
casting process. Consequently, the improved structural integrity of the casting
contributes to increased hardness. These findings highlight the importance of selecting
appropriate molding materials, such as mountain sand, to enhance the quality and
mechanical properties of aluminum alloy castings, particularly when reinforced with
ceramic particles like alumina (Al,O3).

References



128

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

Agus Suprapto et al

A. Suprapto, D. I. Tsamroh, D. Andrijono, and S. D. I. Maswain, “Comparison
of the hardness value and microstructure of Al6061 in horizontal centrifugal
casting with and without mold cooling,” Eastern-European J. Enterp. Technol.,
vol. 4, no. 12 (130), pp. 42—48, 2024, doi: 10.15587/1729-4061.2024.306262.
D. 1. Tsamroh, C. Yazirin, and M. I. N. Sasongko, “Perbandingan
Makrostruktur Hasil Cor dengan Variasi Komposisi Pasir Cetak,” Ring Mech.
Eng., vol. 4, no. 2, pp. 97-104, 2024.

D. I. Tsamroh, M. F. Ardiansyah, M. A. Yaqin, T. A. A. Shiddiqy, and D. Z.
Lubis, “Hardness enhancement of Al-Si alloys from sand casting with runner
variations,” Mechanical, vol. 15, no. 2, 2024.

K. J. Hodder and R. J. Chalaturnyk, “Bridging additive manufacturing and sand
casting: Utilizing foundry sand,” Addit. Manuf., vol. 28, no. June, pp. 649—660,
2019, doi: 10.1016/j.addma.2019.06.008.

D. Santika, A. & Arya, R. Nasution, and ) Teknik Mesin, “Uji Eksperimental
Kekerasan Dan Struktur Mikro Pada Produk Foot Step Berbahan Limbah
Alumunium Hasil Pengecoran Cetakan Pasir Silika Berpengikat Bentonit,” J.
Rekayasa Mater. Manufaktur dan Energi, vol. 5, no. 1, pp. 56-64, 2022,
[Online]. Available: https://creativecommons.org/licenses/by-sa/4.0/.

I. M. Nasution and M. Yusuf, “Analisa Karakteristik Pasir Sungai Sebagai
Bahan Cetakan Pada Pengecoran Logam,” Malikussaleh J. Mech. Sci. Technol.,
vol. 7, no. 2, p. 97, 2023, doi: 10.29103/mjmst.v7i2.12507.

Z. M. Omara, M. M. Z. Ahmed, W. H. Alawee, S. Shanmugan, and M.
Elashmawy, “A comprehensive review of nano-enhanced phase change
materials on solar stills with scientometric analysis,” Results Eng., vol. 22, no.
April, p. 102088, 2024, doi: 10.1016/j.rineng.2024.102088.

M. Hajihashemi, M. Shamanian, and B. Niroumand, “Microstructure and
mechanical properties of Al-6061-T6 alloy welded by a new hybrid FSW/SSW
joining process,” Sci. Technol. Weld. Join., vol. 21, no. 6, pp. 493-503, 2016,
doi: 10.1080/13621718.2015.1138019.

A. D. Shieddieque, I. Putra Nugraha, M. 1. Zaenal Muttahar, and G. Heryana,
“Pengaruh Variasi Campuran Bentonit Terhadap Karakteristik Pasir Cetak
Untuk Proses Sand Casting,” Rekayasa, vol. 15, no. 3, pp. 316-325, 2022, doi:
10.21107/rekayasa.v1513.16194.

S. P. Yudha, “PENGARUH PENGGUNAAN PASIR BALIKPAPAN
TERHADAP KEKERASAN DAN FLUIDITAS LOGAM CORAN PADUAN
Al-Si,” Otopro, vol. 16, no. 2, p. 34, 2021, doi: 10.26740/otopro.v16n2.p34-38.
P. Aji Kuncara, “Pengaruh Variasi Cetakan Pasir Hitam, Merah dan Silika
Terhadap Produk Pengecoran Aluminium (daur ulang) Dengan Metode Sand
Casting,” Skripsi, pp. 1-17, 2019.

A. E. Purkuncoro and A. Taufik, “PENGARUH BENTUK SALURAN PADA
PROSES PENGECORAN DENGAN MODEL DARI STYROFOAM
TERHADAP SIFAT MEKANIS ALUMINIUM PADUAN AlI-Si-Cu,” J.
PASTI, vol. 13, no. 2, p. 177, 2019, doi: 10.22441/pasti.2019.v1312.007.

D. Haryono, “Pengaruh Jenis Pasir Cetakan Terhadap Produk Pengecoran
Aluminium dengan Metode Lost Foam Casting,” Universitas Muhammadiyah



Effect of Beach Sand and Mountain Sand Types 129

[14]

[15]

[16]

[17]

[18]

Surakarta, 2019.

P. Puspitasari, T. Tuwoso, and E. Aristiyanto, “Pengaruh Penggunaan Pasir
Gunung Terhadap Kualitas dan Fluiditas Hasil Pengecoran Logam Paduan Al-
Si,” J. Tek. Mesin, vol. 23, no. 1, pp. 3543, 2015.

Y. Hendronursito and Y. Prayanda, “Potensi Pasir Lokal Tanjung Bintang Pada
Aluminium Sand Casting Terhadap Porositas Produk Hasil Cor Aluminium,”
Din. Tek. Mesin, vol. 6, no. 1, pp. 60-68, 2016, doi: 10.29303/d.v611.27.
Zalmidun, “Article Review: Jenis-Jenis Cetakan Pasir,” ENOTEK J. Energi
dan Inov. Teknol., vol. 1, mno. 2, pp. 2124, 2022, doi:
10.30606/enotek.v1i2.1273.

Mad Yusup and Purbawati, “Analisis Cacat Coran Pada Sand Casting Produk
Clamp Saddle,” J. Ilm. Tek. Mesin, Elektro dan Komput., vol. 2, no. 2, pp. 115—
122, 2022, doi: 10.51903/juritek.v2i2.571.

D. Masnur, A. Rasyad, P. Nawangsari, and R. Abdurrahman, “Analisis Jarak
Titik Pengukuran Temperatur Tuang pada Kualitas Coran Aluminium Daur
Ulang,” J. Surya Tek., vol. 10, no. 1, pp. 590-594, 2023, doi:
10.37859/jst.v1011.4750.




<<
  /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


