
INTRODUCTION

It is generally known that the rate of belite hydra-
tion is lower in comparison to that of alite hydration.
This fact, together with the low release of the hydration
heat, can be used advantageously in special concrete
technologies [1]. The increasing application of belite
cements is driven by the ecological benefits they offer:
low energy requirements, lower CO2 emissions and the
possibility of using secondary raw materials [2-4].
However, greater attention must be paid to their hydra-
tion rate [5-13]. The present investigation was stimulat-
ed by both topics. The belite clinker with the highest
ratio of the undersizes to high-CaO limestone in the raw
material mix is one of three Portland clinkers prepared
by using undersizes originated during the recycling of
concrete rejects. The results obtained during the inves-
tigation of the hydration process of belite Portland
cement permitted the elaboration of the method giving a
possibility to quantify the hydration rate of belite Port-
land cement and compare it with that of current Portland
cements (usually designated as "alite cements").

The rate of the hydration process

Theoretical data enabling the calculation of the
velocity of chemical reactions were applied to the ela-
boration of the method:

(1)

where v is the reaction rate (mole/ls), dx/dt resp.
-d(a-x)/dt are the increment in the product concentration
and the drop in the reagent concentration within a unit
of time (mole/ls), a, b, … n are the reagent concentra-
tions at the time t = 0 (mole/l), x is the product concen-
trations at any arbitrary time t (mole/l), (a-x), (b-x), …
(n-x) are the reagent concentrations at any arbitrary time
t (mole/l), α + β + υ is the order of reaction and k’ is
the temperature-dependent velocity constant:

k’ = A’ exp(Ea/RT)                            (2).

Here A’ is the frequency factor, Ea is the molar activa-
tion energy, R is gas constant and T is the temperature.
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Undersize fractions occurring during the recycling of concrete waste were used for the preparation of belite clinker. The ratio
of the undersizes to limestone containing a high percentage of CaO was 1 to 2.25. The mix was converted into the belite
cement and its hydration properties along with those of two types of alite cements prepared from the same recycled under-
sizes were investigated. The hydration character of Portland cements corresponds to the kinetics of the reaction of the 1st order
and its progress may be assessed from the reduction in the content of unhydrated CaO in the cement body. Quantified data
characterizing the hydration products were obtained by means of the thermal analysis after standard reaction soaks of 1, 3,
7 and 28 days. The original CaO content (55 %) in the belite cement dropped to 51 % after 7 days; there was only 44 % of
unhydrated CaO after a month. The original CaO content (56 %) in the ternary alite cement dropped consistently to 21 %
after the hydration lasting a month; the decrease in the original CaO content  (54 %) in the binary alite cement follows a sim-
ilar pattern in the first 7 days, with an inflection occurring within a month and a decrease to the final value of 12 % of unhy-
drated CaO. The values of the velocity constants in the kinetic reaction of the 1st order were expressed statistically from the
values of the residual CaO remaining after the hydration. Belite cement is characterized by the value k = 0.0071 whereas the
alite cements show the value k' = 0.225 (ternary system), respectively k'= 0.326 (binary system). This means that the belite
cement prepared from recycled concrete would require an unacceptably long hydration time.
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An analogous description can be also proposed for
the hydration of Portland cements where the content of
not yet hydrated CaO represents a reagent that charac-
terizes the hydration conditions with a sufficient accu-
racy and which can be quantified with a rather good
accuracy at the same time. It was demonstrated experi-
mentally (see below) that, under standard laboratory
exposure (T = constant, w = constant), the decrement in
the not yet hydrated CaO can be described by means of
an exponential dependence, i.e. with a kinetic reaction
of the 1st order:

(3)

The separation of variables and the subsequent
integration yield the following expression:

(a - x) = ae-k’t (4)

Under constant exposure conditions, the equation
(4) also controls the cement hydration; this process can
be described by the following expression:

CaOt - CaO0 ae-kt (5)

where CaOt is the content of not yet hydrated CaO in
the cement stone at the hydration time t (%) and CaO0

is the CaO content in the cement paste at the beginning
of the hydration at the time t = 0  (%). 

The content of not yet  hydrated calcium oxide
(CaOt) was quantified by calculation as a difference
between the content of calcium oxide in the cement
paste at the beginning of the hydration (CaO0) and that
of CaO which corresponds to individual hydration prod-
ucts at the given exposure time (CaOh):

CaOt = CaO0 - CaOh (6)

For the determination of the CaO0 value, the total
content of calcium oxide in the given cement sample
(CaOcem) was taken as the basic value. It was always re-
calculated by taking into account the state of the respec-
tive cement paste at the given time of hydration by
using the expression for the total loss-on-ignition ∑ LOI
(determined by thermal analysis):

(7)

The total amount of calcium oxide in the hydration
products CaOh of the cement paste was calculated with
the aid of the thermal analysis. The CaO content corres-
ponding to hydroxide, respectively to calcium carbonate
(CaOp+k) was expressed from the loss-on-ignition shown
on the TG curve in the temperature range of 400-600°C
(for Ca(OH)2) and in the range of 600-1000°C for
CaCO3. The CaO content corresponding to calcium
hydrosilicates (CaOC–S–H) was calculated from the CaO

content in the hydroxide, respectively in calcium car-
bonate by using stoichiometric computations made pos-
sible by following equations:

2C3S + 6H2O → C3S2H3 + 3Ca(OH)2 (8)

2C2S + 4H2O → C3S2H3 + Ca(OH)2 (9)

which means that the CaO content corresponding to
afwillite (C3S2H3) in the alite cement is the same as that
corresponding to hydroxide and calcium carbonate;
however, it is three times larger in the belite cement.
The CaO content corresponding to alumino-calcium
hydrosulfonates, represented here by ettringite (CaOE),
was expressed by stoichiometric computation from the
loss-on-ignition on the TG curve in the temperature
range of 100-300°C after subtracting the loss-on-igni-
tion due to the dehydration of the above quantified
afwillite. The total content of calcium oxide in the
hydration products of the cement paste (CaOh) then rep-
resents the sum of all above partial contents:

CaOh = CaOp+k + CaOC–S–H + CaOE (10)

EXPERIMENTAL

Undersizes occurring in the treatment of recycled
concrete rejects were used for the preparation of belite
Portland clinker as one of the component of raw materi-
al powder mix because this fraction contains suitable
oxides, respectively minerals even if in a somewhat dif-
ferent quantitative representation: the SiO2 content is
higher to the detriment of the CaO content (SiO2 usual-
ly occurs as quartz). As regards the occurrence of other
hydraulic and non-hydraulic oxides it is already more or
less the same as that in the usual raw material mix used
for firing Portland clinkers. The proposed composition-
al set-up of the powder mix for the belite clinker was
characterized by the ratio of recycled concrete under-
sizes to the high-CaO limestone; it amounted to 1 : 2.25.
Also two more mixes aimed at obtaining comparable
alite clinkers with the ratio of 1 : 3.5 were prepared
(2% Fe correction was made for the second one). All
three clinkers were fired in an experimental rotary kiln
under firing conditions typical for Portland clinker.

The above-mentioned firing yielded three clinkers:
a binary alite clinker (designated by A - 0 % Fe), terna-
ry alite clinker (designated by A - 2 % Fe) and a binary
belite clinker (designated by B - 0 % Fe). Their phase
composition was determined with the aid of the method
of microscopic point integration (see Table 1).

The clinkers were then ground with a 5% addition
of gypsum to obtain cements with the specific surface
area of 300 m2/kg. The cements were used for the prepa-
ration of pastes characterized by the water coefficient of
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w = 0.30. The pastes were hydrated in aqueous environ-
ment. The samples used for the determination of the
mineralogical composition were taken after 1, 3, 7 and
28 days of hydration.

RESULTS AND DISCUSSION

RTG diffraction analysis

Residues of original clinker minerals as well as
new hydration products were determined by XRD
analysis of hydrated cement pastes:

- the alite, C3S (dh,k,l = 0.59; 0.296; 0.278; 0.274 nm)
- the belite, C2S (dh,k,l = 0.296; 0.278; 0.274; 0.2405 nm)
- the brownmillerite, C4AF (dh,k,l = 0.724; 0.277 nm)
- the portlandite, Ca(OH)2 (dh,k,l = 0.492; 0.3112;

0.2628 nm)
- the calcite, CaCO3 (dh,k,l = 0.386; 0.3035 nm)
- the ettringite, C3A·3CaSO4·32H2O (dh,k,l = 0.98; 0.57;

0.387 nm)
- the mono-sulfate, C3A·CaSO4·12H2O (dh,k,l = 0.892 nm)
- the CSHn (dh,k,l = 0.305 nm).

The character of diffraction patterns of all samples
corresponds to usual qualitative data typical for Port-
land clinkers; therefore, it is not mentioned below.

Thermal analysis

The qualitative evaluation based on the DTA curve
was performed in the same manner for all three samples
after all exposure times. The first endothermic peak at a
temperature of 150° C in the temperature range of up to
300°C corresponded to the dehydration of calcium
hydrosilicates and ettringite. Then, a predominantly
shallow endothermic region attaining its maximum
value at about 480°C and corresponding to the dehy-
droxylation of calcium hydroxide followed after a short
indifferent region starting at approximately 400°C. At a
temperature of 600°C this peak passed into an endother-
mic region characterizing the decomposition of calcium
carbonate with a maximum at 820°C.

The investigated phases were quantified using the
TG and DTG curves in the following way: 

The CaO content corresponding to calcium hydrox-
ide originated in result of the hydration of calcium sili-
cates as well as CaO corresponding to calcium carbon-
ate formed secondarily from calcium hydroxide (%):

(11)

where LOI400-600 is the Loss-on-ignition corresponding to
the dehydroxylation of Ca(OH)2 (mg), LOI600-900 is the
Loss-on-ignition corresponding to the decomposition of
CaCO3 (mg), m is the sample mass (mg).

The water content corresponding to the dehydration
of calcium hydrosilicates, H2OC–S–H (mg): the quantifica-
tion of the hydration products originated from alite and
belite was based on the mentioned Equations (8) and (9)
because the afwillite (C3S2H3) characterizes very accu-
rately the stoichiometry of calcium hydrosilicate pha-
ses. Therefore, the water contained in these products
can be calculated by using the following expressions:

a) for the alite   
(12)

b) for the belite
(13)

Although both alite cements also contained the
belite, it was shown that its presence may be neglected
in the binary cement. However, the content of this phase
in the ternary cement was already significant and, hence,
it could not be neglected in the calculation made for the
exposure time lasting 28 days. Therefore, in this case,
the CaO content was split up into hydroxide, respective-
ly calcium carbonate by taking into account the relative
occurrence of both aforementioned clinker minerals.

The water content corresponding to the dehydration
of ettringite, H2OE [mg]: owing to the fact that the first
endothermic peak in the range of up to 300°C shows the
loss-on-ignition corresponding only to the dehydration
of calcium hydrosilicates and ettringite, the loss-on-
ignition corresponds - after subtracting water due to the
afwillite - to water released by the ettringite:

H2OE = LOI0-300 - H2OC–S–H (14)

where LOI0-300 …the loss-on-ignition corresponding to
the decomposition of C–S–H phases and ettringite (mg).

The CaO content corresponding to calcium hydro-
silicates (%). Using the stoichiometric formulae this
content was calculated from the amount of water corre-
sponding to the afwillite dehydration:

(15)

Hydration of belite cement prepared from recycled concrete residues

Ceramics − Silikáty 51 (1) 45-51 (2007) 47

Table 1.  Quantification of the phase composition of Portland
clinkers.

Phase (%)
Clinker Designation

A - 0 % Fe A - 2 % Fe B - 0 % Fe

C3S 51.1 48.7 0.0
C2S 35.7 36.9 85.9 
C3A 10.9 3.8 10.1
C4AF 1.8 10.2 4.0
Cvol 0.5 0.4 0.0
Total 100.0 100.0 100.0

CaO LOI LOI
mp k+ − −= +( )400 600 600 900

56
18

56
44

100

H O CaO m
C S H Ca OH2 2

18
56 100− − = ( )   (mg)

H O CaO m
C S H Ca OH2 3 18

56 1002− − = ( )   (mg)

CaO H O
mC S H C S H− − − −= 2

56
18

100 



The CaO content corresponding to alumino-calcium
hydrosulfonates represented by the ettringite CaOE (%).
It was obtained by stoichiometric calculation from the
loss-on-ignition corresponding to the water released
during the hydration of the ettringite:

(16)

The total CaO content in the hydration products of
the cement paste (CaOH) represents a sum of all the
above described portions of calcium oxide:

CaOH = CaOp+k + CaOC–S–H + CaOE (17)

The calculated values of calcium oxide correspon-
ding to individual hydration products including the total
content of calcium oxide in the hydration products
(CaOH) are given in Table 2 for the individual hydration
periods.

The contents of not yet hydrated calcium oxide
(CaOt) corresponding to the individual periods of
hydration (Table 3) and their graphical representations
(Figures 1-3) were obtained on the basis of the CaOH

values shown in Table 2 and from the content of calci-
um oxide determined in the respective cement by means
of a chemical analysis as well as on the basis of the TA
values converted to the CaO content in the given state
of the cement paste.

DTA curves of hydrated cement pastes after the
exposure periods of 1, 3, 7 and 28 days are represented
in Figures 4-6.

Application of the equation for the calculation 
of the reaction rate of Portland cement hydration

Using numerical methods the Equation (5) was
modified ; the values characterizing the content of not
yet hydrated calcium oxide (CaOt) and the respective
hydration time shown in Table 2 were applied to this
purpose. The following specific expressions could thus
be obtained for individual types of cement:

- binary alite cement A - 0 % Fe: CaOt = 75.8·e-0.326.t,
- ternary alite cement A - 2 % Fe: CaOt = 68.7·e-0.225.t,
- binary belite cement B - 0 % Fe: CaOt = 53.1·e-0.0071.t.

In addition to the fact that the initial CaO0 content
calculated experimentally in the cement paste drops in
dependence on the belite content (as actually observed
in the practice) it is also evident from the respective
velocity constants that the reaction rate of the Portland
cement hydration decreases the more, the less alite the
cement contains.
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Table 2.  CaO content in hydration products.

Duration of hydration A - 0 % FeO
(days) CaOp+k (%) CaOC–S–H (%) CaOE (%) CaOH (%)

1 8.6 8.6 2.2 19.4
3 10.3 10.3 3.0 23.6
7 11.6 11.6 3.8 27.0

28 15.6 19.3 4.1 39.0

Duration of hydration A - 2 % FeO
(days) CaOp+k (%) CaOC–S–H (%) CaOE (%) CaOH (%)

1 7.1 7.1 0.8 15.0
3 9.9 9.9 2.6 22.4
7 10.4 10.4 3.2 24.0

28 11.8 15.2 4.0 31.0

Duration of hydration B - 0 % FeO
(days) CaOp+k (%) CaOC–S–H (%) CaOE (%) CaOH (%)

1 1.1 3.3 0.6 5.0
3 1.3 3.9 0.4 5.6
7 1.2 3.6 0.8 5.6

28 3.2 9.6 0.6 13.4

Table 3.  Quantification of unhydrated CaO.

Duration of Content on unhydrated CaOt (%)
Hydration (days) A - 0 % Fe A - 2 % Fe B - 0 % Fe

0 53.55 55.69 54.42
1 34.11 45.47 51.65
3 32.49 33.25 51.17
7 26.84 30.28 51.12

28 11.84 21.35 43.47



CONCLUSION

The minimum time of hydration of investigated
cements that is particularly important from the view-
point of the envisaged use of belite cement was calcu-
lated for Portland cements prepared on the basis of re-
cycled concrete rejects by using the proposed method
based on the calculation of the reaction rate of the
hydration process. 

Hydration of belite cement prepared from recycled concrete residues

Ceramics − Silikáty 51 (1) 45-51 (2007) 49

0

10

20

30

40

50

60

0 5 10 15 20 25 30
Days

C
aO

t (
%

)

Figure 3.  Content of unhydrated CaOt vs. hydration time.
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Figure 2.  Content of unhydrated CaOt vs. hydration time.
A - 2 % Fe.
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Figure 1.  Content of unhydrated CaOt vs. hydration time.
A - 0 % Fe.
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Figure 5.  DTA of hydrated cement A - 2 % Fe.

1 day

0 100 300 700
Temperature (°C)

en
do

500200 600 900800400 1000

3 days

0 100 300 700
Temperature (°C)

en
do

500200 600 900800400 1000

7 days

0 100 300 700
Temperature (°C)

en
do

500200 600 900800400 1000

28 days

0 100 300 700
Temperature (°C)

en
do

500200 600 900800400 1000

Figure 6.  DTA of hydrated cement B - 0 % Fe.
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The calculated time of hydration is unacceptably
long for prepared belite Portland cement. The future
investigation should focus the possibility to modify the
belite Portland cement prepared from recycled concrete
rejects in such a way that should bring the acceleration
of the hydration process.
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HYDRATACE BELITICKÉHO CEMENTU
PØIPRAVENÉHO Z RECYKLÁTÙ BETONU

MARCELA FRIDRICHOVÁ

Ústav technologie stavebních hmot a dílcù,
Vysoké uèení technické v Brnì,

Fakulta stavební,
Veveøí 95, 602 00  Brno

Pro pøípravu belitického slinku byly použity propady z
výroby betonových recyklátù v pomìru 1 : 2,25 s vysokopro-
centním vápencem. Po následném pøevedení na belitický
cement studovány jeho hydrataèni vlastnosti paralelnì se
dvìma typy alitických cementù, pøipravených ze stejných
recyklátových propadù. Prùbìh hydratace portlandských
cementù odpovídá kinetice reakce I. øádu a její postup lze sle-
dovat ze snižování obsahu nezhydratovaného CaOt v cemen-
tovém kameni. Hydrataèní produkty kvantifikovány pomocí
termické analýzy po standartních reakèních prodlevách 1, 3, 7
a 28 dnù. V belitickém cementu pùvodní obsah 55 % CaO kle-
sal do 7 dnù na 51 % a po mìsíci jen na hodnotu 44 % nezhy-
dratovaného CaO. V trojsložkovém alitickém cementu pùvodní
CaO z 56 % klesá pravidelnì na 21 % po mìsíci hydratace, ve
dvojsložkovém alitickém cementu pùvodní obsah 54 % CaO
klesá obdobnì do 7 dnù se zlomem do 1 mìsíce až na koneènou
hodnotu 12 % nezhydratovaného CaO. Z hodnot zbytkového
CaO po hydrataci statisticky vyjádøeny hodnoty rychlostních
konstant pro kinetickou rovnici I. øádu. Belitický cement
vykazuje hodnotu k´=0,0071, zatím co alitické cementy
vykazují hodoty k´=0,225 pro trojsložkový, pøípadnì k´=0,326
pro dvojsložkový cement, což znamená pro belitický cement
pøipravený z betonových recyklátù neúnosnì dlouhou dobu
hydratace a je nutno jej modifikovat k urychlení tuhnutí.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
  ]
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /DAN <>
    /DEU <>
    /ESP <>
    /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 <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002000d>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /CZE <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


