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Abstract The results of calorimetric investigations and

thermodynamic calculation of Zn–Al–Ga system are pre-

sented in this article. The research was carried out experi-

mentally, using Oelsen calorimetry in temperature interval

800–1,000 K, and by thermodynamic calculation, applying

general solution model in temperature interval 800–1,600 K.

The enthalpy space diagram, the enthalpy isotherm diagram,

as well as the values for zinc activities, partial and integral

molar Gibbs excess energies have been determined. Com-

parison of experimentally obtained results and the results

calculated by general solution model was done at the tem-

peratures 800, 900, and 1000 K, which indicated a good

mutual agreement.
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Thermodynamic predicting methods � Ternary system Zn–
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Introduction

Zinc–aluminum alloys—more commonly referred to as ZA

and usually alloyed with copper and magnesium, were

originally developed for gravity casting. They proven

themselves in a wide variety of demanding applications as

engineering materials well suited to applications requiring

high as-cast strength, hardness, and wear resistance [1].

However, recently, ZA group of materials have been

considered for applications as potential lead-free solders

[2–5]. Therefore, an interest in investigation of different

Zn–Al-based alloys increased recently in this field. One of

the systems, interesting from that point of view, is the Zn–

Al–Ga system, shown in Fig. 1.

Many researches has been done in order to study that

system phase equilibria [6–12], while, thermodynamic

investigations are not numerous and not complete [9, 13].

Ansara et al. [6] first established Zn–Al–Ga phase diagram

by thermodynamic modeling, but Aragon et al. [7–9] gave

significant contribution to its determination, using different

experimental techniques. Further, Mathon et al. [10] pre-

sented the optimization of mentioned ternary system, while

its phase equilibria were revisited by Jardet et al. [11, 12]

using advanced experimental methods. Concerning ther-

modynamic investigations of Zn–Al–Ga system, there are

only few data—experimental measurements of mixing

enthalpies in the liquid at 717 K by Bourkba [13] and

calorimetric measurements on two isobaric invariant

reactions done by Aragon et al. [9].

As a contribution to the better knowledge of this system

thermodynamics, the results of experimental investigation

of selected sections in the Zn–Al–Ga system using Oelsen

calorimetry and thermodynamic calculation according to

general solution model, are presented in this article.

Experimental

The Oelsen calorimetry method, described in references

[14–18], was used for the experimental thermodynamic

analysis of the section from zinc corner with a constant

molar ratio of Al–Ga = 1:1 in the ternary Al–Ga–Zn sys-

tem. According to the requirements of the utilized method,

the total volume of all samples was constant –0.5 cm3, and

their compositions and masses are given in Table 1.
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Used metals were of the analytical grade. The water

equivalent for the calorimeter was determined by a stan-

dard method using dissolved Na2CO3 and its value was

4,465 J/K. All experiments were carried out in air atmo-

sphere. The samples were cooled in the furnace to the room

temperature. Schematic representation of the used Oelsen

calorimeter is given in Fig. 2. The calorimeter is composed

of a Dewar flask with water, a stirrer, and a thermometer. It

also contains housing from copper sheet into which the iron

holder with the sample is added, after being heated in a

separate oven to the initial temperature. The temperature of

the sample is followed with NiCr–Ni thermocouple during

cooling and simultaneously the temperature of the water is

measured. The pair of values of a temperature measure-

ment in the sample and in the water leads to a point on heat

content curve.

Theoretical fundamentals

There are many methods for calculation of thermodynamic

properties of ternary systems based on information about

binary systems included in their composition, but general

solution model [19, 20] was used for predicting of ther-

modynamic properties of Al–Ga–Zn system in this work.

The basic theoretical interpretations of mentioned model

are given as follows:

DGE ¼ x1x2DGE
12 þ x2x3DGE

23 þ x1x3DGE
31 þ x1x2x3f123. . .

ð1Þ

DGE
ij ¼ XiXj A0

ij þ A1
ij Xi � Xj

� �
þ A2

ij Xi þ Xj

� �2
�

þ. . .þ An
ij Xi � Xj

� �n
�

. . . ð2Þ

where Aij
0, Aij

1, Aij
2 are parameters for binary system ‘‘ij’’

independent of composition, only relying on temperature,

and where Xi and Xj indicate the mole fraction of

component ‘‘i’’ and ‘‘j’’ in ‘‘ij’’ binary system. The

function f is the ternary interaction coefficient expressed

by:
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Fig. 1 The ternary Zn–Al–Ga

system

Table 1 Composition and masses of the investigated samples in

Zn–AlGa section of Zn–Al–Ga system

Alloy xAl xGa xZn mAl/g mGa/g mZn/g

A1 0.5 0.5 0 0.6191 1.5998 0

A2 0.4 0.4 0.2 0.5116 1.3220 0.6201

A3 0.3 0.3 0.4 0.3967 1.0252 1.2824

A4 0.2 0.2 0.6 0.2738 0.7075 1.9912

A5 0.1 0.1 0.8 0.1419 0.3667 2.7518

A6 0 0 1 0 0 3.5700
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which is related to the Redlich–Kister ternary interaction

parameter [21], so it can be written in the form:

f123 ¼ x1 L0
123 þ x2L1

123 þ x3L2
123. . . ð4Þ

with a temperature dependence taken as

Lv
123 ¼ am þ bmT m ¼ 0; 1; 2ð Þ. . . ð5Þ

where Lijk
m are the Redlich–Kister parameters for the ternary

system ‘‘ijk’’ and xi—mole fraction of the component ‘i’. The

coefficients signed as nij in Eq. 3 present the similarity

coefficients defined by gi—called the deviation sum of squares:

nij ¼ gi= gi þ gj

� �
. . . ð6Þ

where

g1 ¼
ZXi¼1

Xi¼0

DGE
12 � DGE

13

� �2
dX1
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Xi¼0

DGE
21 � DGE

23

� �2
dX2
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ZXi¼1

Xi¼0

DGE
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32

� �2
dX3. . .
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and

X1ð12Þ ¼ x1 þ x3n12

X2ð23Þ ¼ x2 þ x1n23

X3ð31Þ ¼ x3 þ x2n31. . .

ð8Þ

In all given equations, DGE and DGE
ij correspond to the

integral molar excess Gibbs energies for ternary and binary

systems, respectively, while x1, x2, and x3 correspond to the

mole fraction of components in investigated ternary system.

Results and discussion

Based on the cooling curves obtained by calorimetric mea-

surements, according to the Oelsen procedure [14–16], tem-

perature changes of the calorimeter were determined for all

samples in the temperature range up to 1,000 K. According to

this data, the enthalpy space diagram and enthalpy isotherm

diagram were constructed and presented in Figs. 3 and 4,

respectively (it should be noted that in presented dia-

grams 1 K corresponds to the value of water equivalent).

The basic equation in Oelsen thermodynamic analysis

[14–16] is given as:

GM
i

T
¼
Z1=T

1=T0

Hx;T d
1

T

� 	
¼ R ln ai. . . ð9Þ
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Fig. 2 Oesen calorimeter: 1 Dewar flask, 2 water, 3 Beckman

thermometer, 4 stirrer, 5 NiCr–Ni thermocouple, 6 sample, 7 sample

holder, 8 copper sheet, 9 thermal insulation
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where GM
i is the partial molar Gibbs energy for component

‘i’, T0 the starting temperature, T the final temperature, Hx,T

the enthalpy value measured in the Oelsen calorimeter for

the temperature change from T0 to T, R the gas constant

and ai is the activity of the component ‘i’. Further calcu-

lation in the thermodynamic analysis was done based on

Eq. 1 and the results of the graphic planimetry [14–16],

which enabled the determination of Zn activities, activity

coefficients, and partial molar quantities at 800, 900, and

1,000 K. The results are given in Table 2.

Positive deviation from ideal behavior for zinc activities

can be noticed in whole concentration area. Also, negative

values for partial molar Gibbs energies of mixing in the

range from -1.4 to -10.5 kJ mol-1 and positive values of

partial molar excess Gibbs energies in the range up to

3 kJ mol-1, were obtained for the chosen alloys.

In order to confirm the fact of demixing tendencies for

zinc in investigated Zn–AlGa section, the energetics of

mixing in liquid alloys has been analyzed through the study

of concentration fluctuation in the long-wavelength limit,

Scc(0), connected with the microscopic information on

liquid alloys [22]. The presence of chemical order is

indicated by Scc(0) \ Scc(0,id), while on the contrary, if

Scc(0) [ Scc(0,id), the segregation and demixing in liquid

alloys takes place. Using the experimental values for zinc

activity presented in this work, Scc(0) at 800, 900, and

1000 K was calculated using following equation:

Scc 0ð Þ ¼ 1� xZnð Þ � � � aZn= oaZn=oxZnð Þ . . . ð10Þ

and mixing behavior of liquid alloys in the Zn–AlGa sec-

tion of the Zn–Al–Ga system can be deduced from the

deviation of Scc(0) from Scc(0,id), as shown in Fig. 5.
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Fig. 4 The enthalpy isotherm diagram for the temperature interval up

to 1,000 K

Table 2 The results of the Oelsen quantitative thermodynamic analysis at investigated temperatures of 800, 900, and 1,000 K (energies in J/

mol)

T/K 800 K 900 K 1,000 K

xZn aZn cZn GZn
M GZn

E aZn cZn GZn
M GZn

E aZn cZn GZn
M GZn

E

0 0 – – – 0 – – – 0 – – –

0.2 0.320 1.580 -7,680 3,025 0.300 1.500 -9,000 3043 0.280 1.410 -1,0500 2,882

0.4 0.520 1.290 -4,400 1,695 0.490 1.210 -5,400 1457 0.480 1.200 -6,100 1,518

0.6 0.670 1.120 -2,640 758 0.650 1.080 -3,240 583 0.640 1.070 -3,700 547

0.8 0.810 1.010 -1,440 44 0.810 1.010 -1,620 50 0.810 1.010 -1,800 55

1 1 – – – 1 – – – 1 – – –
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Fig. 5 The concentration

fluctuation in the long-

wavelength limit, Scc(0) for the

liquid alloys in Zn–AlGa

section of Zn–Al–Ga system at

investigated temperatures

Table 3 The Redlich–Kister parameters for constitutive binary

systems

System ij Lij
o(T) Lij

1(T) Lij
2(T)

Al–Zn [23] 10465.55 - 3.39259*T 0 0

Al–Ga [24] 2613.3 - 2.94533*T 692.4 - 0.09271*T 319.5

Ga–Zn [25] 3662.8 ? 27.28629*T
- 4.2*T*lnT

-464.2 0
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The calculated values of Scc(0) are greater than Scc(0,id)

for whole concentration interval at all investigating tem-

peratures, indicating to segregation and demixing tenden-

cies in liquid alloys typical for positive deviation from

ideal behavior.

Basic thermodynamic data on the constituent binary

subsystems Zn–Al, Al–Ga, and Ga–Zn, needed for calcu-

lation of thermodynamic properties in the investigated Zn–

Al–Ga system, were taken from the references [23–25].

Characteristic Redlich–Kister parameters for constitutive

binary systems are presented in Table 3.

According to Eqs. 3 and 4, and based on starting data

given in Table 3, integral molar Gibbs excess energies

have been calculated for three sections in the Zn–Al–Ga

system—from zinc corner with molar ratio of Al:Ga = 1:3,

1:1, and 3:1, in wide temperature interval from 800 to

1,600 K. The partial thermodynamic quantities for zinc

were derived using well-known expressions:

GE
i ¼ DGE þ 1� xið Þ oDGE



oxi

� �
¼ RT ln ci. . . ð11Þ

and

ai ¼ xici . . . ð12Þ

Obtained results—integral molar Gibbs excess energies

and zinc activities, calculated according to GSM calcu-

lation method in three chosen sections from Zn

corner for investigated temperature range, are shown in

Fig. 6, while analytical expressions of obtained polyno-

mial dependencies for DGE ¼ f xZnð Þare given in

Table 4.

The values of calculated integral molar excess energies

in three chosen sections from Zn corner in Zn–Al–Ga

system are in the range from -0.3 to 1.7 kJ mol-1,

decreasing from lower up to higher temperatures. In the
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Fig. 6 The results of

thermodynamic calculation

according to GSM model in

temperature range 800–1,600 K.

a integral molar excess Gibbs

energies and b zinc activities

Table 4 Analytical expressions of obtained polynomial dependen-

cies for DGE ¼ f xZnð Þ obtained by GSM for three investigated sec-

tions from Zn corner in the range 800–1,600 K

Section T/K DGE = f(xZn)

Al:Ga = 1:3 800 y = -515.0x3 - 3563x2 ? 4070x ? 4.801

900 y = -508.7x3 - 3154x2 ? 3709x - 49.57

1,000 y = -501.7x3 - 2712x2 ? 3314x - 103.9

1,100 y = -495.0x3 - 2237x2 ? 2887x - 158.3

1,200 y = -489.4x3 - 1732x2 ? 2431x - 212.7

1,300 y = -485.6x3 - 1198x2 ? 1946x - 267.1

1,400 y = -483.9x3 - 634.2x2 ? 1435x - 321.4

1,500 y = -484.3x3 - 42.76x2 ? 898.3x - 375.8

1,600 y = -486.6x3 ? 574.7x2 ? 337.5x - 430.2

Al:Ga = 1:1 800 y = -183.0x3 - 5212x2 ? 5329x ? 64.06

900 y = -170.5x3 - 4880x2 ? 5059x - 9.59

1,000 y = -170.5x3 - 4880x2 ? 5059x - 9.59

1,100 y = -142.6x3 - 4156x2 ? 4454x - 156.9

1,200 y = -130.1x3 - 3762x2 ? 4120x - 230.5

1,300 y = -130.1x3 - 3762x2 ? 4120x - 230.5

1,400 y = -114.0x3 - 2904x2 ? 3393x - 377.8

1,500 y = -111.8x3 - 2439x2 ? 3000x - 451.5

1,600 y = -113.6x3 - 1951x2 ? 2587x - 525.1

Al:Ga = 3:1 800 y = -57.63x3 - 6452.x2 ? 6389.x ? 121.1

900 y = -45.03x3 - 6149x2 ? 6128x ? 65.01

1,000 y = -31.00x3 - 5836x2 ? 5858x ? 8.914

1,100 y = -16.81x3 - 5514x2 ? 5577x - 47.18

1,200 y = -3.728x3 - 5179x2 ? 5286x - 103.2

1,300 y = 7.116x3 - 4832x2 ? 4984x - 159.3

1,400 y = 14.78x3 - 4470x2 ? 4670x - 215.4

1,500 y = 18.61x3 - 4093x2 ? 4345x - 271.5

1,600 y = 18.19x3 - 3699x2 ? 4008x - 327.6

Note: R-squared value for fitting process was R2 = 1 in all cases
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greatest part of investigated composition and temperature

range, described values are positive, while negative sign is

noted only above 1,300 K in a composition interval with

xZn \ 0.3. Calculated zinc activities show positive devia-

tion of Raoult law in whole concentration range and for all

temperatures, approaching nearer to the line of ideal state

as temperature is increasing.

The comparison between the experimentally obtained

and calculated results has been done at the temperatures of

800, 900, and 1,000 K, as presented in Fig. 7, while

comparison in the form of Zn-isoactivity diagram at

1,000 K is given in Fig. 8.

Satisfying agreement between experimental thermo-

dynamic data on zinc activities, obtained by Oelsen

calorimetry and calculated by GSM model, can be

noticed, which indicates to the accuracy of applied

thermodynamic calculation in the case of mentioned

system. Such combination of experimental work and

calculation was already found to give good results in

thermodynamics of alloys [26–28] and other scientific

fields as well [29].

Conclusions

Comparative thermodynamic analysis of AlGa–Zn system

was done experimentally by Oelsen calorimetry and using

thermodynamic calculation according to general solution

model. The results of the comparative analysis for obtained

thermodynamic parameters showed positive deviation from

Raoult’s law in the whole concentration range and fair

agreement between experiments and calculation. Finally,

the presented thermodynamic data for the Al–Ga–Zn

alloys, compensating a lack of experimental thermody-

namic information for these alloys, could be useful for

further interpretation of the phenomena occurring in men-

tioned Zn–Al-based multicomponent lead-free system.
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Živković Ž. Thermodynamic analysis of liquid In–Sn alloys using

Oelsen calorimetry. J Therm Anal Calorim. 2010. doi:10.1007/

s10973-010-0785-x.

29. Bissengaliyeva MR, Bekturganov NS, Gogol DB. Researches by

the method of low-temperature adiabatic calorimetry and quan-

tum chemical computation of vibrational states. J Therm Anal

Calorim. 2010;101:49–58.

Calorimetric investigations and thermodynamic calculation 1061

123

http://dx.doi.org/10.1007/s10973-010-0785-x
http://dx.doi.org/10.1007/s10973-010-0785-x

	Calorimetric investigations and thermodynamic calculation of Zn--Al--Ga system
	Abstract
	Introduction
	Experimental
	Theoretical fundamentals
	Results and discussion
	Conclusions
	Acknowledgements
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


