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Abstract The kinetics of pozzolanic reaction metakao-
lin-lime is studied in the present work. Metakaolin is
prepared by calcination of enriched kaolin (deposit “Se-
novo”, Bulgaria) at temperature of 830 £ 10 °C in a lab-
scale muffle oven. The reaction is performed in intensively
stirred water suspension at different temperatures in the
range 20-100 °C. The kinetics is analyzed by comparing
the experimental data with theoretical curves, derived
according to appropriate kinetic and diffusion models
taking into account the grain size distribution of metaka-
olin. The macroscopic mechanism and activation energy of
the reaction are determined. It is found, that the activation
energy decreases gradually from 71 to 45 kJ/mol[Ca(OH),]
with the increase of the reaction degree from 0.2 up to 0.6,
respectively, which is a characteristic for transition regime
reactions.
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Introduction

The investigation of the kinetics of pozzolanic reactions is
an important experimental task that gives characteristic
constants for the reaction rate. Using them, one can eval-
uate the effectiveness of applying different type of poz-
zolanic materials as additives to mortars and concretes, as
well as to compare their properties.

Most studies on the kinetics of metakaolin-lime inter-
action have been carried out under conditions, which are
modeling the practical use of metakaolin [1-7]. For this
purpose, pastes of cement—-metakaolin—water or of me-
takaolin—lime—water are prepared and cured under definite
conditions, under which the metakaolin binds the lime to
form cement products. Various changes of the rate and
mechanism of the hydration process are possible due to the
complex character of these systems and depending on the
conditions of sample preparation and curing.

In order to diminish the influence of similar factors on the
reaction rate, we use a simple experimental model when
studying the kinetics of pozzolanic reaction in another complex
system kaolin—lime—water [8]. The kinetic analysis is per-
formed by joint presentation of theoretical and experimental
data in dimensionless coordinates having in mind the influence
of particle size distribution on the reaction rate. This approach
is accepted in the present work to establish the kinetic regu-
larities of the interaction metakaolin—lime in water medium.

Experimental
Materials and methods

Starting materials for this study are freshly precipitated
calcium hydroxide and metakaolin (MK), prepared from
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enriched kaolin (deposit “Senovo”, Bulgaria). The analysis,
described in Ref. [8], gives the quantitative chemical com-
position of the kaolin (in mass%): SiO,: 53.20, Al,03: 32.63,
Fe,05: 0.73, TiO,: 0.25, CaO: 0.27, MgO: 0.23, K,0: 1.21,
Na,0: 0.12, losses of ignition (LOI): 11.28. It is found that
the enriched kaoline contains 75% kaolinite, 13% quartz, and
10% illite. The rest of mineral components, which include
the remaining chemical admixtures in the kaolin, are in
insignificant quantity with their sum amounting to about 2%.
Table 1 (row 1) gives the grain size distribution data of ka-
olin, derived by dispersion techniques on a Shimadzu
apparatus for grains over 3 pm, and statistically on a SEM
Philips 515, for the fraction below 3 pm.

Metakaolin is prepared in a laboratory muffle oven in
powder form via calcination of approx. 100 g samples of
kaolin, placing them in quartz vessels with a layer thick-
ness of about 2 cm. The optimal conditions for thermal
decomposition of kaolin, established experimentally, are:
temperature 830 =+ 10 °C, duration of the thermal treat-
ment 20 min and cooling down the product in air medium.

The experiments on the kinetic study of pozzolanic
reaction metakaolin—lime are carried out in Erlenmeyer
plastic flask equipped with reflux condenser, at a ratio of
0.5 g Ca(OH),:0.5 g MK in 150 ml distilled water. The
suspension is stirred with a speed of 200 rpm. It is estab-
lished that under these hydrodynamic conditions the rate of
pozzolanic reaction does not depend on the rate of diffusion
in the liquid phase, and therefore, it is a function only of the
processes, occurring in the layer of gel-like products,
deposited on the surface of pozzolanic particles and/or
function of the rate of chemical reaction between these
particles and the lime.

Results and discussion
Characterization of the pozzolanic properties of MK

The basic characteristics, determining the pozzolanic prop-
erties of metakaolin, are the granulometric composition,

LOI, the specific surface area, the content of active phases,
and the pozzolanic activity (PA).

The MK samples, used for this study, are characterized
by LOI within the range of 0.35-0.5%. At such values,
the product meets the requirements for minimal content of
not decomposed kaolinite in it and for minimal
advancement of secondary reactions, leading to the con-
version of MK into a chemically inactive phase with a
spinel structure [9, 10].

From the three main mineral ingredients of initial kao-
lin, quartz practically does not participate in the pozzolanic
reaction [8]. The illite component is not completely
decomposed during the thermal treatment of kaolin to MK,
but it reacts with lime and in this way takes a part to the
formation of mechanical strength of the product [11-13].
The illite clays stabilized with lime, however, possess
poorer physico-mechanical properties than that of kaolin-
ite. So, the main contribution to the pozzolanic properties
of MK should be expected to come from the kaolinite
component of enriched kaolin.

The granulometric composition of MK powder (row 2 of
Table 1) is derived in the same way as for kaolin. Com-
paring these data with the particle size of initial kaolin (row
1), it is seen that an aggregation of the particles occurs
during the calcination of kaolin and the product should be
grinded or disintegrated in order to meet the requirements
for its use as pozzolan [9, 14].

The cooled down MK powder is grinded further in a
Fritsch planetary mill with agate grinding bodies having
diameter of 20 mm at a different duration (the respective
results are given in rows 3—6 of Table 1). A decrease in the
particle size of material is observed in the case of grinding
time interval of 15 min. At a longer grinding duration,
however, there is a reverse process—the particle size is
growing up with the time interval increasing.

The PA of non-grinded and grinded MK is determined
on the basis of Chapelle test [15]. The results from these
analyses and the BET specific surface area are plotted in
Fig. 1, whereupon the values for PA are the mean of three
results for each data point.

Table 1 Granulometric composition of initial kaolin, non-grinded, and grinded MK samples

Sample Percentage of grains lower than, um
0.5 1 2 3 4 5 6 8 10 20 30 40 50 60 80
Kaolin 1 28 46 62 72 79 83 87 92 95 99 100 - - - -
MK
Non-grinded 2 - - - 7 10 12 15 22 27 43 51 59 63 71 100
15 min 3 - 15 27.5 36 44 50 53 59 72 84 97 98 100 - -
1h 4 - - - 35 42 48 52 58 63 79 81 86 98 100 -
2h 5 - - - 31 34 37 39 43 46 59 75 82 86 95 98
5h 6 - - - 1 1 1 2 3 5 30 54 59 80 94 98
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Fig. 1 PA (/) and specific surface area (2) of the initial and grinded
MK

On the basis of data listed in Table 1 and plotted in
Fig. 1, one can see that the specific surface area is growing
up slowly in the course of grinding time and this growth is
proportional to PA. Taking this into account, one can
conclude that the observed aggregation of particles in the
case of longer grinding time intervals is due to the specific
physical-mechanical properties of MK, which is a soft
material and its particles are smashed on the surface of
grinding bodies in the mill. In the course of this process,
there is also a formation of weakly bound aggregates due to
the secondary aggregation in parallel to revealing of new
reaction surface.

From the data given in Table 1 and Fig. 1, one can
conclude that a time interval of 15 min grinding is enough
to obtain MK characterized by an appropriate grain size
distribution [9], specific surface area of about 19 mz/g and
PA of about 1.1 g [Ca(OH),]/g [MK]. These results for PA
are nearly 25% lower than those for highly reactive me-
takaolin (HRM), binding up to 1.6 g [Ca(OH),]/g [HRM]
[14]. This difference is probably due to the mineral com-
position of the initial raw materials, which consists of
about 90-95% kaolinite in the case of HRM, while our
starting kaolin posses of 75% kaolinite.

The product of pozzolanic reaction between MK, grinded
within 5 h, and lime is studied by scanning electron micro-
scope. Only the presence of quartz particles is registered,
while MK particles are not established in the reaction
product. This shows that the reaction is finished at values for
PA of about 1.3 g [Ca(OH),l/g [MK] (see Fig. 1).

The MK, obtained at the specified above optimal con-
ditions and grinded for 15 min, is used further in the
kinetic study of pozzolanic reaction.

Temperature dependence of the reaction rate

The experiments on the kinetics of MK-lime reaction are
carried out at constant temperatures of 20, 35, 55, 70, and

100 °C, maintained with an accuracy of £1 °C and dura-
tion of up to 7 days (168 h). The experimental conditions
ensure constancy of the lime reactant concentration into the
solution as the reaction proceeds. The temperature 20 °C is
characteristic for the conditions, under which MK reacts
with lime during the stabilization of soil materials, while
the temperature 35 °C is close to the maximal one, which
occurs in mortars and concretes by MK addition [16].
Taking into account the experimentally established fact
that the pozzolanic reaction is completed at values of about
1.3 g [Ca(OH),)/g [MK], the data of PA are recalculated
as the degree of conversion, o, by dividing them by this
value. The results for o versus time are plotted in Fig. 2.

The obtaining of kinetic constants of clear physical
meaning, regarding the pozzolanic reaction metakaolin—
lime, depends on the adequacy of the model, applied to
analyze the experimental data. The Jander equation, used
for this purpose in [2—4], is not suitable for our case due to
the following reasons:

— the size of metakaolin particles vary in a wide
interval, see Table 1, and their distribution influence
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Fig. 2 Conversion degree versus time at temperatures over 50 °C (a)
and below 40 °C (b). Legend: (Z) 100 °C (diamond); (2) 70 °C
(downturned triangle); (3) 55 °C (circle); (4) 35 °C (star); (5) 20 °C
(filled triangle)
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considerable the kinetics of the pozzolanic reaction and
should be taken into account;

— the satisfactory application of Jander equation, derived
for mixtures consisting of equal in size and spherical in
form powder particles, is possible at relative low
reaction degree—up to 0.30 <+ 0.35 [17];

Frias et al. [18] reported the rate constant of pozzolanic
reaction in the sugarcane straw-clay ash/lime system in
water at 40 °C determined by the use of a kinetic-diffusive
model, suggested by Villar-Cocifia [19]. Based on the
correlation between the theoretical model and experimental
data, the authors have drawn the conclusion, that the
chemical interaction on the particles surface is the rate
controlling step.

The experimental data in the present work are imposed
on theoretical curves, derived on the basis of suitable
kinetics and diffusion models in dimensionless coordinates.
In account of the amorphous character of MK, it is assumed
that the reaction occurs isotropically and the unconverted
kernels of particles reduce their size homotetically with the
time, i.e., the shape and relative size of particles will not
affect sufficiently the kinetics of process.

The kinetic equations, which describe the chemical
interaction and diffusion process in the system polydisperse
solid material-liquid/gaseous phase, are solved by inte-
grating expressions, which include the auxiliary functions
a(ro,t) and M(rg) [20, 21]. The method of determination of
the function o(ry,f) is described in [8]. The differential
granulometric curve in Fig. 3 is used to specify the func-
tion M(ry), where we assume that the upper limit of cal-
cined kaolinite grains is represented by the dashed line.

The calculations of a(rg,f) and the determination of
respective values of M(ry), enable the computation of
theoretical curves for the chemical and for the diffusion
process.

The calculated theoretical curves are represented in
Fig. 4a and b in dimensionless conversion degree—time,
where ¢ stands for the real time, while 794 and 7, 5 are the
times needed to reach « equal to 0.4 and 0.5, respectively.
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Fig. 3 Differential size distribution curve of MK particles (15 min
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Superimposed on them in the same coordinates are the
results from Fig. 2. It is seen in Fig. 4 that the experimental
data are located near the theoretical curve for a diffusion
process, which is an indication for the rate-limiting effect
of diffusion on the total reaction rate.

Activation energy determination

The activation energy of pozzolanic reaction MK-lime is
determined by plotting of iso-a-intersecting lines on the
kinetic curves in Fig. 2 and estimating of the time interval
t; for reaching the as-selected values for o; = 0.2, o; = 0.5,
and o; = 0.6. The values of activation energy are calcu-
lated from the slope of linear dependences, which are
obtained in coordinates In # and the reciprocal value of
temperature, 1/7 in K~ Itis seen from Fig. 5, that with the
increase of reaction degree «;, the activation energy, E,,
gradually decreases from 71 kJ/mol Ca(OH), at oz = 0.2
down to 45 kJ/mol Ca(OH), at o; = 0.6.

The results obtained for the activation energy show that,
under the chosen conditions, both—the diffusion rate of
Ca(OH), species (molecules, ions) inside the gel layer and
the chemical reaction rate affect the total rate of pozzolanic
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Fig. 5 Logarithm of the time to reach reaction degrees 0.2, 0.5, and
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reaction. From the decrease in activation energy with the
advance of reaction in the depth of particles, it follows that
the effect of diffusion upon the total rate is increasing. The
as-outlined mechanism of the process is characteristic for
the initial stages of reaction MK-lime, when there is a high
content of water in the gel layer. Other chemical reactions
can occur in parallel with the chemical interaction on the
reaction phase boundary, such as formation of crystalline
hydrates in the gel layer, whereupon lime is consumed by
all of them. The slower rate of crystalline hydrate forma-
tion, compared to the growing gel layer, however, shows
that the rate of chemical interaction on the reaction phase
boundary affects the total rate, but not the rate of crystal-
line hydrates formation.

One can use different methods to estimate numerically
the rate constants in certain temperature interval applying
the method in dimensionless coordinates, when the total
rate of process is limited by the rate of chemical reaction
[20], or when the total rate is limited by the diffusion [21].
However, these methods are inapplicable to the case,
considered here, when the process occurs in the transition
region and the macroscopic mechanism of total reaction is
changing with the increase of reaction degree.

Some of the experimental data obtained in the present
work and in the work of Frias [19], are similar. For
example, the degree of fixed Ca(OH), at 40 °C for 7 day
curing period is 57%, whereas by our experiments for the
same curing period at 35 °C is 34%. The difference is
probably due to the higher pozzolanic activity and specific
properties of the sugarcane straw-clay ash material, in
comparison with our metakaolin.

The experimental data, given in Fig. 2, and the results
from the kinetic analysis of the pozzolanic reaction MK—
lime obtained in this work can be used to achieve high rates
and high degrees of interaction in the moving heteroge-
neous system cement—-metakaolin—water, especially in its
initial steps. This allows a more precise determination of

the optimal conditions by using metakaolin as pozzolanic
additive in cement mortars and concretes.

Conclusions

Enriched kaolin from the “Senovo” deposit, Bulgaria, is
used as initial raw material to produce powdered MK
characterized by high PA, high specific surface area and
optimal LOI under the experimental conditions applied in
this work. The product needs only a short period of
grinding to acquire the most appropriate grain size distri-
bution in view of its use as pozzolanic additive in cement
mortars and concretes.

The kinetics of pozzolanic reaction metakaolin—lime is
investigated under the experimental conditions, which
allow eliminating of the liquid phase diffusion as a rate
controlling step. The kinetic analysis is carried out by
applying models, corresponding to the nature of process
and accounting for the effect of granulometry on the
kinetics of total reaction. It is established that the rate of
pozzolanic reaction is limited simultaneously by the rate of
chemical reaction and the rate of diffusion, i.e., the reaction
occurs in a transition regime.

Acknowledgements This study was supported by PROJECT
189/2009 from the Scientific Research Fund of the Sofia University
“St. Kliment Ohridski”. The authors are grateful to Prof. DSc. Al.
Lenchev, Faculty of Chemistry, Sofia University “St. Kliment Oh-
ridski”, for the useful discussion about the processing and presenta-
tion of kinetics data.

References

1. Siddique R, Klaus J. Influence of metakaolin on the properties of
mortar and concrete: a review. Appl Clay Sci. 2009;43:392-400.

2. Cabrera J, Rojas MF. Mechanism of hydration of the metakaolin—
lime—water system. Cem Concr Res. 2001;31:177-82.

3. Sanches de Rojas MI, Cabrera J. The effect of temperature on the
hydration rate and stability of the hydration phases of metakao-
lin-lime—water systems. Cem Concr Res. 2002;32:133-8.

4. Shi C, Day RL. Pozzolanic reaction in the presence of chemical
activators. Part I. Reaction kinetics. Cem Concr Res. 2000;30:
51-8.

5. Moropoulou A, Bakolas A, Aggelakopoulou E. Evaluation of
pozzolanic activity of natural and artificial pozzolans by thermal
analysis. Thermochim Acta. 2004;420:135-40.

6. Wild S, Knatib JM. Portlandite consumption in metakaolin
cement pastes and mortars. Cem Concr Res. 1997;27(1):137-46.

7. Oriol M, Pera J. Pozzolanic activity of metakaolin under micro-
wave treatment. Cem Concr Res. 1995;25(2):265-70.

8. Ninov J, Donchev I, Dimova L. On the kinetics of pozzolanic
reaction in the system kaolin—lime—water. J Therm Anal Calorim.
2010;101:107-12.

9. USA Patent No 5792251—Method of producing metakaolin/Aug.
11. 1998:13.

10. Brindley GW, Nakahara M. The kaolinite-mullite reaction series:
metakaolin. J] Am Cer Soc. 1959;42(7):314-8.

@ Springer



250

J. Ninov et al.

11.

13.

15.

16.

Ninov J, Donchev I. Lime stabilization of clay from the “Mir-
kovo” deposit. (I) Kinetics and mechanism of the processes.
J Therm Anal Calorim. 2008;91(2):487-90.

. Berg LG. Introduction in thermography. 1st ed. Moscow: Pub-

lishing House of the Academy of Sciences of the USSR; 1961.
p. 193-5.

Ambroise J, Murat M, Pera J. Hydratation reaction and hardening
of calcined clays and related minerals. V. Extentsion of the
research and general conclusions. Cem Concr Res. 1985;2:261-8.

. Kurtis KE, Metakaolin. CEE 8813. Mater Sci Concr. 2007, p. 7.

http://people.ce.gatech.edu/ ~ kk92/mkgrad.pdf.

Largent G. Estimation de ’activite pouzzlanique. Bull Liaison
Lab P et Ch. Ref 2143, janv-fevr 1978;93:61-65.

Bai J, Wild S. Investigation of the temperature change and heat
evolution of mortar incorporating PFA and metakaolin. Cem
Concr Compos. 2002;24(2):201-9.

@ Springer

17.

18.

19.

20.

21.

Tretjakov Ju. Solid-phase reactions. 1st ed. Moskow: Chimia;
1978. p. 174-88.

Frias M, Villar-Cocifia E, Rojas M, Valencia-Morales E. The
effect that different pozzolanic activity methods has on the
kinetic constants of the pozzolanic reaction in sugar cane straw-
clay ash/lime systems: application of a kinetic-diffusive model.
Cem Concr Res. 2005;35:2137-42.

Villar-Cocifia E, Valencia-Morales E, Gonzales-Rodriguez R, Her-
nandez-Ruiz J. Kinetics of the pozzolanic reaction between lime and
sugar cane straw ash by electrical conductivity measurement: a
kinetic-diffusive model. Cem Concr Res. 2003;33:517-24.
Delmon B. Kinetics of heterogenous rections. Moskow: Mir;
1972.

Kapur PC. Kinetics of solid-state reactions of particulate ensembles
with size distributions. J Am Cer Soc. 1972;56(2):79-81.


http://people.ce.gatech.edu/~kk92/mkgrad.pdf

	On the kinetics of pozzolanic reaction in metakaolin--lime--water system
	Abstract
	Introduction
	Experimental
	Materials and methods

	Results and discussion
	Characterization of the pozzolanic properties of MK
	Temperature dependence of the reaction rate
	Activation energy determination

	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


