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Abstract The properties of particle-reinforced aluminum

alloy composites depend on the microstructure and evolved

uniformity distribution of particles in the matrix, wetta-

bility of particles by the melt and chemical reactions

between particles and matrix. The wettability of B4C par-

ticles by the molten aluminum alloys is generally poor

below 1100 �C making their incorporation difficult. In this

study, in order to improve incorporation of the B4C parti-

cles by AA2014 alloy melt a novel pre-treatment process

was presented and B4C-2014 Al composites containing

B4C particles up to 12 vol.% were manufactured by using

stir casting. SEM observations have shown that uniformity

distribution of B4C in the matrix was satisfactory and there

was no reaction at the particle-matrix interface due to low

processing temperature. However clustering of B4C parti-

cles was observed in relatively high particle-containing

composites, which is commonly associated with the casting

route.

Introduction

Metal Matrix Composites (MMCs) have received increas-

ing attention as engineering materials in the recent decades.

The introduction of a ceramic reinforcement into a metal

matrix produces a composite material with an attractive

combination of physical and mechanical properties that

cannot be obtained by monolithic alloys [1].

Casting of MMCs is an attractive processing method for

these advanced materials since it is relatively cheap, and it

offers various options for materials and processing condi-

tions.

A critical step in the processing of cast, particle-rein-

forced, MMCs is the incorporation of the ceramic particles

into the molten matrix alloy. Therefore, in a foundry MMC

fabrication method, wettability of the reinforcement parti-

cles by the matrix alloy is one aspect of the process that

must be optimised. In general, wettability of the rein-

forcement ceramic particles by a liquid metal is very poor.

Good wetting between the solid ceramic phase and the

liquid metal matrix is essential condition for the generation

of a satisfactory bond between these two during and after

the casting [2].

The mechanical properties of MMCs are controlled to a

large extent by the structure and properties of this rein-

forcement-metal interface [3–6]. It is believed that a strong

interface permits transfer and distribution of load from the

matrix to the reinforcement, resulting in an increased

elastic modulus and strength.

In recent years aluminum and aluminum alloy com-

posites reinforced with ceramic particles have been

widely investigated. The most of the studies on particle-

reinforced composite have been devoted to SiC and Al2O3

reinforced composites because of the above-mentioned

reasons and research into B4C reinforced composites is

relatively limited. High stiffness, hardness and small

density difference between B4C, aluminum, and alumi-

num alloys make B4C an attractive reinforcement [7]. Its

high cost compared to SiC and poor wetting by molten

aluminum alloys below 1100 �C limits its choice as

reinforcement [8, 9].
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The interface chemistry of the B4C-Al couple has been

addressed in several studies [10–14]. Boron carbide and

aluminum react at temperatures greater than 700 �C pro-

ducing AlB2 and aluminum borocarbide, Al3BC, which has

only recently been identified [11, 15]. Other more com-

plicated phases develop at temperatures greater than

900 �C; however, such temperatures can easily be avoided

in processing since the melting point of aluminum is

660 �C. The decomposition mechanisms of boron carbide

in liquid aluminum between 700 �C and 900 �C have been

summarised by Viala et al. [11]. The formation of these

phases degrades the particles and results in composites

with poor mechanical properties [10, 11, 16]. These phases

may form during prolong working at high temperatures as

well as during processing if the production temperature is

high. It is therefore important to develop low temperature

production methods for B4C-aluminum alloy composites

[17].

Different methods have been studied for wettability

enhancement, including addition surface active elements

such as magnesium and lithium into the matrix [18, 19],

coating or oxidising the ceramic particles [20, 21], pre-

treatment of particles [22, 23], cleaning the particle surface

by ultrasonic techniques and various etching techniques [17,

24, 25]. Pre-treating and pre-heating prior to the addition of

particles assists in removing surface impurities, desorbtion

of gases and altering the surface composition [26].

The basic means used to improve wetting [6, 26] are (a)

increasing the surface energies of solid, (b) decreasing the

surface tension of the liquid matrix alloy, and (c)

decreasing the solid–liquid interfacial energy at the parti-

cles-matrix interface [27].

The purpose of the present work, therefore, was to: (a)

investigate and optimise the pre-treatment process of B4C

particles in order to improve incorporation with liquid

AA2014 alloy; (b) present an optimal fabrication process

for AA2014/B4Cp composites by a vortex method; (c)

produce the B4C particle-reinforced metal matrix com-

posite by using the new pre-treatment process for B4C

particles.

Experimental procedure

In this study, AA2014 alloy was used as the matrix material

and B4C particles as the reinforcement. The AA2014 alloy

was supplied by Seydişehir Aluminium Co. in Konya and

the B4C particles were manufactured by Wacker Ceramics

Kempten GmbH (Kempten, Germany). The chemical

composition (in wt.%) of the AA2014 alloy was as follows:

0.955% Si, 0.269% Fe, 5.570% Cu, 0.656% Mn, 0.742%

Mg, 0.006% Zn, 0.019% Ti, 0.002% Cr, with the balance

being Al. The average particle size was about 85 lm which

varies between 45 lm and 125 lm.

The details of the various pre-treatments and their

effects on the status of the B4C particles in the AA2014

alloy were summarised in Table 1; some of the processes

were similar to the techniques introduced in literature [18,

19–24, 28]. In the first group of experiments, pre-treatment

of B4C particles with some alcohols and acids such as

C2H5OH, HCl, H2SO4 and HF was applied for cleaning

particle surfaces. In the second group of experiments,

pre-treatment of B4C particles was done by using some

alcohols and acids, and then additionally (1–2) wt.%

magnesium was added to molten AA2014 alloy. Since

boron carbide is slowly attacked in hyrdrofluoric/sulfuric

acid or hyrdrofluoric/nitric acid mixtures [29, 30], pre-

treatment of B4C particles was performed by using acid

mixture (HF/H2SO4), which contributes to the wetting and

dispersion improvements of B4C particles. After the etch-

ing process in HF/H2SO4 mixture for 3 min, the resulting

mixture of acid-B4C particles was diluted with ethanol and

then particles were ultrasonically cleaned in ethanol. Later,

the cleaned particles were air dried for 6 h at room tem-

perature and then heated for 24 h at 150 �C. The heated

Table 1 Pre-treatment applied to B4C paticles and resulting status in AA2014 alloy

Pre-treatment

No Process Status in AA2014 alloy

1 As-received Particles floating, not incorporated

2 Calcination at 400–800 �C for different times Particles floating, not incorporated

3 Cleaning in some alcohols and acids + calcination at 400 �C for 3 h Particles floating, not incorporated

4 Cleaning in some alcohols and acids + calcination at 400 �C for 3 h and addition of (1–2)wt.%

Mg to molten AA2014 alloy

Particles floating, not incorporated

5 Chemical Pre-treatment Holding in acid mixture (50 vol.% HF + 50 vol.% H2SO4) for 3 min,

mixture was diluted with ethanol then ultrasonic cleaning in ethanol and air drying at room

temperature for 6 h and then oven drying at 150 �C for 24 h and finally calcination at 400 �C

for 3 h

Particles incorporated into melt and

uniformly dispersed in melt
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particles were milled and then calcinated for 3 h at 400 �C

(Table 1).

Schematic diagram of the experimental set-up was

shown in Fig. 1. Thus pre-treated B4C particles were

incorporated and dispersed into molten AA2014 alloy

using vortex method under the argon atmosphere in order

to prevent oxidation and not to alter the interface properties

between the particles and the melt [25]. The alloy was

melted in a resistance heated furnace and heated up to

700 �C, which was well above the liquidus temperature of

638 �C, and the dross was skimmed from the surface of the

melt before stirring. Temperature control of the melt was

done with a precision of ±1 �C. The molten alloy was

stirred at a fixed speed of 450 rev min–1 at which vortex

was formed during the addition of particles using a pre-

heated three bladed impeller made of stainless steel. The

impeller was driven by an a.c. motor with changeable

speed. Stirring was continued for 3 min before the addition

of pre-treated and pre-heated B4C particles. Particles were

added using a vibratory feeder at a rate of approximately

10 g per minute. After adding the particles, impeller was

driven for 5 min at a lower speed of 350 rev min–1. The

slurry was cast into a water cooled cylindirical steel mould

at 680 �C by bottom pouring and cooled to room temper-

ature. The steps of the processing of composites were

shown in Fig. 2. The cast ingots had a conical shape with a

changing diameter, between 40 mm and 70 mm and length

of 185 mm. The B4C particle-reinforced AA2014 alumin-

ium alloy matrix composites containing 3, 6, 9, and

12 vol.% B4C were produced by using pre-treated B4C

particles. In order to investigate the particle distribution

within the ingot, each ingot was sectioned at five different

locations as shown in Fig. 3.

Specimens for metallographic observation were pre-

pared by grinding through 800 grit papers followed by

polishing with 6 and 0.25 lm diamond paste. Some of the

samples were etched with Keller’s reagent (1 mL hydro-

fluoric acid, 1.5 mL hydrochloric acid, 2.5 mL nitric acid

and 95 mL distilled water) prior to microscopic examina-

tion [31]. Optical microscopy and scanning electron

microscopy were used to study the metallographic struc-

tures. The amounts of incorporated B4C particles were

obtained by a point counting method [32]. Yield rate was

obtained by comparing the amount of added and measured

B4C particles. Drying and calcination of B4C particles in

air was carried out using a 3 kW electrical resistance fur-

nace. An ultrasonic device (CQ-250) were used to clean the

B4C particles. The morphology of the B4C particles before

and after pre-treatment and microstructural characteristics

of the resulting composites were investigated by a SEM

(JEOL JSM 3600). The qualitative composition of the

as-received and pre-treated B4C particles was determined

from X-ray diffraction (XRD) spectra obtained using an

XRD spectrometer with Cu Ka radiation.

Fig. 1 Schematic diagram of

experimental set-up for

fabrication of B4C-2014 Al

composites
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Results and discussion

The addition of magnesium (Mg) is known to improve

wettability of SiC particles [33]. In order to study the effect

of Mg addition, experiments were carried out by increasing

Mg content of the matrix alloy up to 2.0 wt. %. But

microscopic observation on casted samples showed no B4C

particles within the matrix alloy. It was found that the most

of the added particles were accumulated at the surface of

the ingot. However, pre-treatment with some alcohols and

acids such as C2H5OH, HCl, H2SO4 and HF was also not

successful. Experimental results show that cleaning of B4C

particles in an acid mixture (HF/H2SO4) contributes to the

wetting and dispersion improvements of B4C particles;

therefore, the acid mixture concentration must be 50 vol.%

HF + 50 vol.% H2SO4 and B4C particles must be exposed

to acid mixture for 3 min. The effects of pre-treatments

given in Table 1 suggest that the steps for an optimum pre-

treatment process of B4C particles are (1) cleaning of B4C

particles surface in an acid mixture of the HF/H2SO4, (2)

dilution of this acid-B4C particles mixture with ethanol, (3)

cleaning B4C particles in the diluted mixture with ethanol

ultrasonically, (3) drying the cleaned B4C particles for 6 h

at room temperature, (5) heating the dried B4C particles for

24 h at 150 �C, (6) milling the heated particles, and lastly

(7) calcinating the milled particles at 400 �C for 3 h. Thus,

pre-treated B4C particles were successfully incorporated

and dispersed in the molten AA2014 alloy using vortex

method. Moreover, the B4C particles do not cluster

together before addition to the melt.

Li et al. [28] has stated that the SiC particles thus pre-

treated can be easily incorporated and dispersed in the

semisolid ZA27 alloy slurry. Furthermore, there are many

pre-treatment processes which have been developed to

improve wettability. These include [25] (a) pre-treatment

of silicon carbide by dehydrated sodium tetraborate for

infiltration by molten aluminium [34], (b) pre-treatment of

carbon by tetraisopropytitanate for infiltration by molten

aluminium and magnesium [35], (c) pre-treatment of B4C

by one of the various alcohol or other organic solvent for

infiltration by molten aluminium at elavated temperature

[36].

SEM micrographs of the as-received and the pre-treated

B4C particles were given in Fig. 4. As seen in Fig. 4a, the

Fig. 2 Processing route of the composites

Fig. 3 Schematic diagram showing the locations of metallographic

specimens
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surface of the received particles were coated by ultrafine

powders and the surface of the pre-treated B4C particles

were relatively powder free and smoother than the

as-received ones (Fig. 4b). The ultrafine powders are easily

combined with B4C particles through polar mediums (such

as O2, N2, and vapour) due to unsaturated boron ions [37,

38] that probably exist on the B4C surface. The powders

and boron ions perhaps facilitate physical and chemical

adsorption of gas on the surfaces of the B4C particles, and

the gases are difficult to remove, thereby hindering wetting

of the B4C particles [28]. A clean surface provides a better

opportunity for melt-particle interaction and thus enhances

wetting [17, 25, 39]. Two obvious changes on the surfaces

of the B4C particles after pre-treatment were the reduced

amount of ultrafine powder and the decrease of oxide

(B2O3) content.

The compositions of the B4C particles before and after

pre-treatment were analysed by XRD (Fig. 5). In the fig-

ures, the XRD peaks of the B4C particles before and after

pre-treatment were almost identical. There exist charac-

teristic B4C, C and B2O3 diffraction peaks in the spectra.

The JCPDS card numbers of B4C, C and B2O3 diffraction

peaks were 35-0798, 26-1077 and 06-0297, respectively.

However, the intensity of diffraction peaks of as-received

B4C particles were relatively higher than that of the

zpre-treated B4C particles. Therefore, it can be concluded

that the pre-treatment process was activating the B4C sur-

faces by removing surface impurities, ultrafine particles

and desorption of gases and altering the surface composi-

tion [26], which improves wetting.

A series of AA2014 alloy matrix composites containing

B4C particles up to 12 vol. % were fabricated using vortex

method. Examples of their microstructures are shown in

Fig. 6. It can be seen that most B4C particles were dis-

persed throughout the matrix (Fig. 6a–b), but there exist

macro or micro gas blows, shrinkage porosity near B4C

particles, clustering of B4C particles at high particle-con-

taining composites, and void trapped between B4C parti-

cles (Fig. 6b). Irrespective of attempts to optimise the

fabrication parameters, these defects are very difficult to

overcome except using vacuum stirring techniques such as

the Duralcan process [17]. As seen in Fig. 6b, small-scale

clustering of the reinforcing phase occured. The clustering

phenomenon was observed in different types of particle-

containing composites by other investigators using the

casting route [40].

Fig. 4 Surface morphology of as-received (a) and pre-treated (b)

B4C particles

Fig. 5 The XRD data of B4C samples. (a) as-received (b) pre-treated
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Figure 6c shows one specific B4C particle in a AA2014

matrix in detail. There is no evidence of other phases either

at the particle-matrix interface or in the matrix suggesting

that no reaction occurs between B4C and Al during man-

ufacturing.

SEM examinations of samples taken from different

locations within the ingot showed that the B4C particles

added up to 9 vol.% were uniformly distributed in the

composites. However, above this level, the particle ratio

decreased slightly (~1.5 vol.%) towards the top of the ingot

which was attributed to increasing viscosity of the slurry

with increasing particle content. But, particles may also be

pushed up towards the ingot surface by a directional

solidification since our ingot was conical. Some particle-

porosity clustering was also observed in the samples con-

taining relatively high porosity towards the top of the ingot.

The porosity content increased from 1.9 vol.% to 3.1 vol.%

with increasing particle content from 0 vol.% to 12 vol.%

respectively.

The comparison of added and incorporated particle ratios

(the yield rate) showed that the amount of incorporated

particles decreased with increasing particle ratio. Thus the

yield rate decreased from 95% to 65% for the particle

content of 3 vol.% to 12 vol.% respectively.

Conclusions

1. This study showed that using the new pre-treatment

process consisting of the operations of etching with an

acid mixture, cleaning, drying, milling and calcination,

facilitates the incorporation and dispersion of the B4C

particles within the AA2014 alloy melt at 700 �C.

Thus it can be concluded that this pre-treatment im-

proves wetting of B4C particles at relatively low

temperatures. This was attributed to activating the B4C

surfaces by removing ultrafine particles, desorption of

gases and altering the surface composition.

2. Increasing the volume percentage of B4C particles in

the matrix alloy decreases the B4C particle incorpo-

ration into the matrix. This was explained in terms of

increasing viscosity of the slurry with the increasing of

volume fraction of B4C.

3. Some particle clustering and particle-porosity cluster-

ing were observed at relatively high particle containing

composites which was inherent to casting route.

Nevertheless, these composites can be used as

metallurgically sound ingots by exposing secondary

processings such as extrusion and rolling.

4. SEM observations indicated that there was no interface

reactions between B4C particles and matrix during

production.

Acknowledgments The authors are grateful to Karadeniz Technical

University Research Fund for the financial support. The researchers

would also like to thank to Wacker Ceramics for providing B4C

particles.

References

1. Ibrahim IA, Mohamed FA, Lavernia EJ (1991) J Mater Sci

26:1137, 10.1007/BF00544448

2. Oh SY, Cornie JA, Russell KC (1989) Metall Trans 20A:533

3. Kelly A, Macmillan NH (1986) In: Strong solid, 3rd edn.

Clarendon Press, Oxford, p 258

Fig. 6 Microstructure of AA

2014/B4C composites

containing various volume

fractions of B4C particles. (a)

3 vol.%; (b) 12 vol.%; (c) a

B4C particle in the matrix

J Mater Sci (2007) 42:9536–9542 9541

123



4. Chawla KK (1987) In: Composite materials-science and pro-

cessing. Springer, Berlin, p 79

5. Taya M, Arsenault RJ (1989) In: Metal matrix composites-ther-

momechanical behavior. Pergamon Press, Oxford, p 41

6. Mortensen A (1988) In: Proceedings of the ninth Riso interna-

tional symposium on metalurgy and material science, Roskilde,

September 1988. In: Andersen SI, Lilholt H, Pedersen OB (eds)

Riso National Laboratory, Denmark, p 141

7. Shaffer PTB (1991) In: Engineered materials handbook, vol. 4.

In: Gauthier MM (ed) ASM, Metal Park, OH, p 804

8. Naidich JV (1981) In: Progress in surface and membrane science

14. In: Cadenhead DA, Danielli JF (eds) Academic Press, New

York, p 353

9. Eustathopouslos N, Mortersen A (1993) In: Fundamentals of

metal matrix composites. In: Suresh S, Mortensen A, Needman A

(eds) Butterworth-Heinemann, London, p 42

10. Halverson DC, Pyzik AJ, Aksay IA, Snowden WE (1989) J Am

Ceram Soc 72(5):775

11. Viala JC, Bouix J, Gonzalez G, Esnouf C (1997) J Mater Sci

32(17):4559, 10.1023/A:1018625402103

12. Panasyuk AD, Oreshkin VD, Maslennikova VR (1979) Sov

Powder Metal Met Ceram 18:487

13. Chernyshova TA, Rebrov AV (1986) J Less-Common Met

117:203

14. Lee KB, Sim HS, Cho SY, Kwon H (2001) Mater Sci Eng

A302:227

15. Meyer FD, Hillebreccht H (1997) J Alloy Compd 252:98

16. Pyzik AJ, Beaman DR (1995) J Am Ceram Soc 78(2):305

17. Hashim J, Looney L, Hashmi MSJ (2001) J Mater Process Tech

119:324

18. Dellanney F, Rozen L, Deryttere A (1987) J Mater Sci 22:1,

10.1007/BF01160545

19. Kimura YJ (1984) J Mater Sci 19:3107, 10.1007/BF01026990

20. Pai BC, Kulkarni AG, Bhasker TA, Balasubramanian N (1980)

J Mater Sci 15(7):1860, 10.1007/BF00550608

21. Rocher JP, Quenisset JM, Naslain R (1985) J Mater Sci Lett

4(12):1527

22. Banerji A, Rohatgi PK, Reif W (1984) Metallurgy 38(7):656

23. Krishnan BP, Surappa MK, Rohatgi PK (1981) J Mate Sci

16(5):1209, 10.1007/BF01033834

24. Young T (1805) Philos Trans R Soc Lond 95:65

25. Hasbin J, Loon L, Hashmi MSJ (1999) J Mater Process Tech 92:1

26. Ribes H, Dasilva R, Suery M, Breteau T (1990) Mater Sci Tech

6(7):621

27. Narciso J, Alanso A, Pamies A, Cordovilta CG, Louis E (1994)

Scripta Metall 31:1495

28. Li Z-Q, Wu B-Y, Zhang S-Y (2001) Mater Sci Tech 17:954

29. Catalog (2000) In: Tetrabor� Boron Carbide Grains and Powder,

Wacker Ceramics. Wacker-Chemie Gmbh Kempten Plant,

Kempten, p 1

30. Kosolapova TI (1971) In: Carbides; properties, production, and

applications Plenum Press, New York

31. Vander Voort GF (1984) In: Metallography principles and prac-

tice. McGraw-Hill Book Company, New York, p 427

32. Underwood EE (1973) In: Metals Handbook, 8th edn, vol 8.

American Society for Metals, Metals Park, OH, p 37

33. Kobashi M, Choh T (1993) J Mater Sci 28(3):684, 10.1007/

BF01151245

34. Cameron TB, Swanson WW, Tartaglia JM (1987) US Patent No.

4 713 111

35. Donomoto T, Tanaka A, Okada M, Kyono T (1983) US Patent

No. 4 419 389

36. Halverson DC, Langdingham RL (1988) US Patent No. 4 718 941

37. Sienko MJ, Plane RA (1974) In: Chemical principles and prac-

tices, 2nd edn. International Student Edition, McGraw-Hill, New

York, p 563

38. Jones WN (1949) In: Inorganic chemistry. Blakiston, Philadel-

phia, p 567

39. Tsunekawa Y, Nahanishi H, Okumiya M, Mohri N (1995) Key

Eng Mater 104:215

40. Hashim J, Looney L, Hashmi MSJ (2002) J Mater Process Tech

123:251

9542 J Mater Sci (2007) 42:9536–9542

123


	Pre-treatment process of B4C particles to improve incorporation into molten AA2014 alloy
	Abstract
	Introduction
	Experimental procedure
	Results and discussion
	Conclusions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


