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In recent years, aluminium matrix composites reinforced with ceramic particulates have attracted
considerable interest due to their inherent good mechanical properties and low cost. In this investigation,
composites have been produced with cenospheres of fly ash as a reinforcement material and eutectic
Al-Si alloy as a matrix. Stir casting route has been adopted to disperse cenospheres of fly ash (from 1%
to 10%) in the Al-Si alloy matrix. The results indicate that with increase the content of fly ash, hardness
and ultimate tensile strength increase by 34.7% and 44.3% respectively, while the density decreases by
13.2%. The wear loss decreases by 33% at the highest sliding distance. However, percentage elongation
showed only a marginal decrease for various percentages of fly ash studied in this investigation.
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1. Introduction

Metal-matrix composites are materials in which tailored properties are achieved
by systematic combinations of various constituents [1]. Conventional monolithic ma-
terials generally have limitations in terms of their strength, stiffness, coefficient of
expansion, and density. Eutectic Al-Si alloy (LM6) is one of the commonly used al-
loys in the non-heat treated condition for automotive engines because of its good me-
chanical properties, high strength-to-weight ratio, wear resistance and low coefficient
of expansion. Apart from stress relieving and improvement in ductility, heat treatment
does not significantly change the properties of such alloys [2]. Several authors re-
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ported that particulate reinforced composites exhibit superior mechanical properties
compared to unreinforced alloys.

Particulates such as SiC, TiC, TiB, and fly ash have been used to reinforce Al al-
loys to improve their mechanical properties and wear resistance [3—8, 16, 17]. In re-
cent years, the use of fly ash as a reinforcement material in Al alloys has been reported
to be desirable from both environmental and economic points of view due to its avail-
ability as a low cost waste material [9]. Mahendra et al. [10] reported a higher tensile
strength and hardness for Al-4.5% Cu alloy—fly ash based composites. Ramachandra
et al. [11] in a study on the mechanical properties of hypoeutectic AI-Si/Fly ash com-
posites showed that an increase in the percentage content of fly ash particulates results
in an increase in the hardness and tensile strength but the density decreases as the fly
ash content increases.

Fly ash is a byproduct of coal combustion collected from electrostatic precipitators
and bottom ash at the bottom of furnaces. It is a fine-grained, powder material that is
carried off in flue gas and usually collected by means of electrostatic precipitators, bag
housings, or mechanical collection devices such as cyclones. Fly ash obtained from
electrostatic precipitators varies in size from 5 um to 75 um [17]. It consists of hollow
microspheres known as cenospheres which generally float on water in the ash collec-
tion ponds. Since the particles solidify in suspension, cenospheres of fly ash are gen-
erally spherical in shape and more uniform in quality, shape and size compared to
normal fly ash. The density of cenospheres is 0.6-0.9 g-cm .

A detailed study of available literature reveals that very few systematic investiga-
tions have been carried out to investigate the influence of fly ash particulates, espe-
cially cenospheres, on the mechanical properties and wear of eutectic Al-Si alloys.

In this investigation, an attempt has therefore been made to study the influence of
cenospheres of fly ash on the hardness, density, ultimate tensile stress (UTS), elonga-
tion, surface roughness and wear of eutectic Al-Si alloys.

2. Experimental

Matrix used. Eutectic Al-Si alloy LM6 containing 12.2% Si was used as a matrix.
The composition of the alloy is given in Table 1.

Table 1. Composition of LM6 alloy [wt. %] designated as a base alloy

Si Fe Cu Mn Mg Zn Al

12.2 0.32 0.002 0.62 0.065 0.021 Bal

A typical microphotograph of cenospheres of fly ash is shown in Fig. 1 and the
composition of cenospheres of fly ash used in this study is shown in Table 2.
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Fig. 1. Typical microphotograph of cenospheres of fly ash

Table 2. Composition of cenospheres of fly ash [wt. %]

ALO;

SiO,

Fezo3

TiO,

Carbon/LOI

29.9

56.92

8.44

2.75

1.99

57

Reinforcement used. Cenospheres of fly ash were used as a reinforcement material
in this investigation. They are formed in the temperature range of 920—1200 °C [9].
The particle size distribution and cumulative distribution of the cenospheres used in
this study was measured using ASTM standard sieves [18] and is shown in Table 3

and Fig. 2.
Table 3. Results of sieve analysis as per ASTM standards
ASTM Sieve Cenf)spheres Cumulative Multiplier Product
sieve | opening [m] retained (R) | cenospheres S RS
[wt. %] [wt. %]
12 1700 0.22 0.22 5 1.1
20 850 1.38 1.6 10 13.8
30 600 2.12 3.72 20 424
40 425 2.28 6 30 68.4
50 300 8.34 14.34 40 333.6
70 212 25.86 40.2 50 1293
100 150 50.68 90.88 70 3547.6
140 106 7 95.88 100 700
200 75 1.44 97.42 140 201.6
270 53 0.58 100 200 116
PAN PAN 0 100 300 0
Total >R=999 > RS=6317.5

The average grain fineness number was computed from the data given in Table 3:

RS 63175

DR

99.9

=63.23
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It was found experimentally that about 75% of the cenospheres particles have par-
ticle size in the range of 150 to 212 micrometers
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Fig. 2. Retained and cumulative % of cenospheres vs. particle size

Melting procedure. 2 kg of eutectic Al-Si alloy (LM6) ingots were melted in graph-
ite crucibles using an electric resistance furnace. When the temperature of the molten
alloy reached 850 °C, the crucible containing the melt was taken out for degassing. For
degassing, hexachloroethane tablets, wrapped in a paper was plunged into the bottom of
the crucible containing the molten metal and held at the bottom using a perforated
plunger, until the bubbling action ceased. The metal was allowed to stand for a few min-
utes and the dross from the surface of the molten metal was skimmed using a perforated
flat spoon. The temperature of the melt was checked using an alumel-chromel thermo-
couple. The molten metal was cast in a metallic die of 147x125x25 mm’, which was
pre-heated to 200 °C and coated with a protective layer of china clay, water and so-
dium silicate to prevent contamination. The pouring was carried out at 650 °C. In or-
der to check for reproducibility, three sets of castings were poured under identical
conditions.

Preparation of composites. The melting procedure, indicated above, was adopted
until degassing of the molten metal. After degassing, 5 g (0.0025 wt. %) of magne-
sium ribbons were added to the melt to improve the wettability of the particles with
the matrix. A vortex was created by rotation of stirrer blades at an optimum speed for
a predetermined time period. A vortex forming in the molten metal helps to distribute
the reinforcement particles uniformly throughout the matrix. Cenospheres were slowly
added to the molten metal while continuously stirring with a mechanical stirrer. Once
again, three sets of castings were poured under identical conditions to check for repro-
ducibility.

Test procedure. The castings, produced as mentioned above, were taken out of the
die, cooled and then cut into 5 equal sections along the length from one end to the
other as shown in Fig. 3. The samples were then machined to get standard test speci-
mens for determining hardness, UTS and percentage elongation, surface roughness
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and slide wear. The densities of the samples were determined by the well known Ar-
chimedes principle.

7

Hardness. A Brinnel hardness test was conducted on the specimen using a standard
Brinnel hardness tester. A load of 500 kg was applied on the specimen for 30 s using a 10
mm ball indenter and the indentation diameter was measured using a micrometer micro-
scope. The Brinnel hardness number (BHN) was computed using the formula:

Fig. 3. Casting cut into sections along its length ’

2P

nD(D—\/D2 —dz)

where P is the load applied, D the diameter of the ball indenter and d the diameter of
indentation.

BHN =

Ultimate tensile strength (UTS) and elongation. An electronic tensometer of the
Monsanto type W was used for tensile testing. The tensometer specimen was loaded
between two grips that were adjusted manually. A constantly increasing force was
applied to the specimen by electronic means. The load and elongation were continu-
ously recorded. The UTS and percentage elongation were calculated.

Surface roughness. The surface imperfections consist of a succession of hills and
valleys which vary both in height and spacing. These are measured using a Tally surf
instrument. The surface roughness parameters R, (average roughness value) and R,
(root mean square roughness) were selected. The stylus was moved over the surface
and the readings were noted.

Dry sliding wear. A dry sliding wear test was conducted at ambient temperature
using a pin-on-disc wear testing machine with a data acquisition system. Wear was
determined by the weight loss method. Specimens of 6 mm diameter and 20 mm long
were used for the dry sliding wear tests. The wear tests were carried out at a constant
sliding velocity of 125.6 m'min"' (500 rpm) for a track radius of 40 mm, load of 1 kg
and sliding distances of 3768 m, 5652 m and 7536 m corresponding to 30, 45 and
60 min, respectively. A hardened steel disc of 60 HRC was used as the counterface.
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3. Results and discussion

3.1. Hardness

Figure 4 shows an increase in hardness with the increase in the percentage of ceno-
spheres of fly ash, when compared with the unreinforced eutectic Al-Si alloy. For in-
stance, the hardness was found to be 50 BHN for 1% fly ash (an increase of 8.6% over the
base alloy) and 62 BHN for10% fly ash (an increase of 34.7% over the base alloy).
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—*trial 2
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45 i 1 1 i i 1 i i i i
0 1 2 3 4 5 6 7 8 9 10
% cenospheres of fly ash

Fig. 4. BHN vs. % cenospheres of fly ash

It has been reported that addition of ceramic particles increases the hardness of
composites [3, 5-8, 10, 11]. The increase in hardness is expected because of the pres-
ence of ceramic reinforcements which are very hard, and act as barriers to the move-
ment of dislocations within the matrix and exhibit greater resistance to indentation [8].
This trend is also observed in our study.

3.2. Density

The density of the eutectic alloy was found to be 2.65 g-cm . This is in agreement
with reported literature [2]. The densities of the cast composites, at various percent-
ages of fly ash are shown in Fig. 5. The scatter of three readings was within 2%. It is
observed that the density decreases as the percentage of fly ash increases, when com-
pared with the unreinforced eutectic Al-Si alloy. For example, the density of the com-
posite was found to be 2.62 g-cm™ for 1% fly ash (decrease of 1.13% compared with
LM6. Similarly, the density for 10% fly ash was 2.31 grem™ (decrease of 13.2%).
Several investigators have reported a similar trend with the addition of particulates
like fly ash [10, 11]. This can be attributed to the difference in densities of aluminium
and fly ash.
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Fig. 5. Density for varying percentages of fly ash

3.3. Recovery of cenospheres

The recovery of cenospheres in the laboratory made Al-Si alloy—cenosphere com-
posite system was calculated using the linear interpolation method, taking into account
the density, volume of the alloy as well as of cenospheres. Linear interpolation is the sim-
plest method of reliably estimating values at positions in between the data points [19]. It is
observed that the recovery is 98.5% at 1% addition and decreases gradually as the
percentage addition of cenospheres increases, as shown in Table 4.

Table 4. Recovery of cenospheres

Content of cenospheres [%] 1 3 6 10
Recovery [%] 98.5 95.6 93.6 83.4

3.4. Ultimate tensile strength and percentage elongation

Figure 6 shows the variation in UTS with the increase in the percentage content of
fly ash. It was noted that the UTS for 1% fly ash is 158.8 MPa (16.2 kgrmm °)
(an 8.5% increase over the untreated alloy). Similarly the UTS for 10% fly ash is
211 MPa (21.54 kg'mm *) and shows an increase of 44.3% when compared with the
unreinforced eutectic Al-Si alloy (LM6).This could be due to the fact that the lighter
microspheres of fly ash act as barriers to the movement of dislocation, thereby increas-
ing the ultimate tensile strength of the composite [7].

Further, dispersion of hard ceramic particles in a soft ductile matrix results in im-
provement in strength. This may be attributed to large residual stress developed during
solidification and to the generation of density of dislocations due to mismatch of
thermal expansion between hard ceramic particles and soft Al matrix [16]. The reason
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for the improved strength may perhaps be due to a good bonding between the ceno-
sphere particles and also with the matrix [18]. Thus it can be seen that our results are
in agreement with those reported in the literature.
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Fig. 6. Variation in UTS vs. % cenospheres of fly ash

Figure 7 shows that there is a marginal decrease in percentage elongation with the
percentage increase in the fly ash. For instance, it can be seen that the elongation for
1% fly ash is 2.01%, while the elongation for 10% fly ash is 1.96%. This is in agree-
ment with literature data [1, 6].
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Fig. 7. Elongation vs. % cenospheres of fly ash

3.5. Surface roughness

A review of the literature reveals that no investigation seems to have been carried
out to measure the surface roughness. From Figure 8 it is observed that the surface
roughness increases as the percentage content of fly ash cenospheres increases, when
compared with the unreinforced eutectic Al-Si alloy (LM6).
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Fig. 8. Average surface roughness vs. % cenospheres of fly ash

For instance, R, increases from 0.4 um for 1% fly ash to 1 wm for 10% fly ash and
R, increases from 0.3 um for 1% fly ash to 1.4 um for 10% fly ash. Cenospheres of fly
ash are extremely hard and contain much unburnt carbon [17]. This tends to have an
adverse effect on the surface roughness.

3.6. Wear

In general, it is observed that the wear increases with the increase in time and dis-
tance. Figure 9 depicts the wear weight loss of the composites under different sliding
distances. For instance, the weight loss is 0.06g at a sliding distance of 3768m, while
the weight loss is 0.13g. at 7536m for 1% fly ash. A similar trend is observed for 3, 6
and 10% fly ash. This is due to the fact that cenospheres are hard, abrasive particles
and resist wear better than the matrix. It is observed that, for a given sliding distance,
the weight loss is lower for a higher percentage of fly ash. For example, the weight
loss is 0.13g for 1% fly ash and 0.1g for 10% fly ash for a sliding distance of 7536 m.
Similar trends were observed by other researchers [12—16].
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0.04 A distance 7536 m, time 60 min

®» distance 5652 m, time 45 min
4 distance 5652 m, time 30 min

2 4 6 8 10
o, cenospheres of fly ash

Fig. 9. Wear at 30, 45 and 60 min
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The results shown in Figs. 4-9 indicate that fly ash cenospheres can increase
hardness and UTS, while reducing density and wear. However, the surface roughness
is found to increase, resulting in a poor surface finish, while the percentage elongation
showed only a marginal variation for the various percentages of fly ash investigated.

4. Conclusion

An attempt has been made to evaluate the effect of various percentages of ceno-
spheres of fly ash on the hardness, density, UTS, ductility, surface finish and wear,
when compared with the unreinforced eutectic Al-Si alloy (LM®6). The results of this
investigation reveal the following:

It is observed that the hardness increases by 8.6% for 1% fly ash and by 34.7% for
10% fly ash based composite, compared with the base alloy.

Density decreases upon increasing percentage of fly ash addition. For instance, it
decreases from 1.13% for 1% fly ash to 13.2% for 10% fly ash.

The ultimate tensile strength of the composite showed an increase ranging from
8.5% for 1% cenospheres of fly ash to 44.3% for 10% with the addition of ceno-
spheres of fly ash.

The percentage elongation of the composite showed only a marginal decrease for
the various percentages of fly ash studied in this investigation. It is found to decrease
from 2.01% for 1% fly ash to 1.96% for 10% fly ash.

Sample analysis revealed there was a direct correspondence between the fly ash
percentage and the wear loss: the higher the fly ash percentage, the lower the wear
loss, and vice versa. For instance, the wear loss was found to be 0.1g for 10% fly ash
compared with 0.13g for 1% fly ash for a sliding distance run of 7536m.

The surface roughness increases with the addition of cenospheres of fly ash. R, in-
creases from 0.4pm for 1% fly ash to Ipm for 10% fly ash and R, increases from
0.3um at 1% fly ash to 1.4um at 10% fly ash.

Acknowledgements

The authors gratefully acknowledge the support provided by the M/S Central Power Research Insti-
tute, Indian Institute of Science, Bangalore and BMS Educational Trust for providing the facilities and
technical help for carrying out this work.

References

[1] ASM Handbook Composites, ASM Int., 21 (2001) 3.

[2] The Foseco Foundryman’s Handbook, Pergamon Press, Oxford, 1965, p. 110.

[3] SINGH M., MONDAL D.P., JHA A.K., DAs S., Composites, Part A, 32 (2001), 787.

[4] VENKATESWARAN S., MALLYA R.M., SHESHADRI M.R., Cast Metals, UK, (1991), 72.

[5] SARAVANAN R.A., SURAPPA M.K., PRAMILA BAI B.N., Wear, 202 (1997), 154.

[6] BENAL M.M., SHIVANAND H.K., MURALIDHARA M.K., Indian Foundry J., 52 (2006), 37.

[71 Lee H.S., YEO J.S., HONG S.H., YOON D.J., NA K.H., J. Mat. Proc. Techn., 113 (2001), 202.



Permanent moulded eutectic AI-Si alloys 65

[8] WonG W.L.E., GurTA M., Lim C.Y.H., Mater. Sci. And Eng. A., 423 (2006), 148.
[9] NAGESHA, Preparation of Al (6061) Fly Ash Composites, B.E. Thesis, Visvesvaraya Technological
University, Belgaum, India, 2006.
[10] MAHENDRA K.V., RADHAKRISHNA K., Mater. Sci.-Poland, 25 (2007), 57.
[11] RAMACHANDRA M., RADHAKRISHNA K., Mater. Sci. Techn. 21 (2005), 1.
[12] PrRAMILA BAIB.N., BiswaAs S.K., Characterization of Dry Sliding Wear of Aluminum—Silicon Alloys,
Elsevier, Sequoia, 1987, p. 61.
[13] MURALI T.P., PRASAD S.V., SURAPPA M K., ROHATGI P.K., Wear, 80 (1982), 149.
[14] PrAMILA BAI B.N., RAMASESH B.S., SUrRAPPA M K., Wear, 157 (1992), 295.
[15] RoHATGI P.K., GUO R.Q., IKSON H., BORCHELT E.J., ASTHANA R., Mater. Sci. Eng. A., 244 (1998),
22.
[16] SURESH K.R., NIRANJAN H.B., MARTIN JEBARAJ P., CHOWDIAH M.P., Wear, 255 (2003), 638.
[17] PRASHANTH T., SHEKAR KUMAR., SURYANARAYAN., Intl. Conf on Advanced Materials and Compos-
ites ICAMC 2007, 24-27 October, CSIR, Trivandrum, India.
[18] Guo R.Q., ROHATGI P K., J. Mater. Sci., 32 (1997), 3971.
[19] BOURKE P., Interpolation Methods, December 1999, http:// local.wasp.uwa.edu.au/~pbourke/.

Received 28 March 2008
Revised 11 September 2009




<<
  /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 false
  /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 [481.890 680.315]
>> setpagedevice


