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Abstract Thermal and structural properties of three clays

(sepiolite and two kaolinites) from Turkey were studied by

thermal analysis (TG–DTA), X-ray diffraction (XRD),

X-ray fluorescence (XRF), Fourier transform infrared

(FT-IR), and surface area measurement techniques The

adsorption of sulfur dioxide (SO2) gas by these clays was

also investigated. SO2 adsorption values of K1, K2, and S

clay samples were measured at 20 �C and pressures up to

106 kPa. Sepiolite sample (S) primarily consists of pure

sepiolite, only dolomite present as accompanying mineral.

Both kaolinite samples, K1 and K2, mainly contain kao-

linite as the major clay mineral and quartz as impurity. In

K2 sample, muscovite phase is also present. Simultaneous

TG–DTA curves of all clay samples were obtained at three

different heating rates 10, 15, and 20 �C min-1 over

the temperature range 30–1200 �C. It was found that the

retention value of SO2 by S clay (2.744 mmol/g) was

higher than those of K1 (0.144 mmol/g) and K2

(0.164 mmol/g) samples.
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Introduction

Clays are hydrous aluminosilicates of colloidal dimensions

(2 lm) and are the product of the weathering of rocks [1].

Sepiolite is a fibrous clay mineral having tetrahedral and

octahedral sheets of oxides. The structural formula of

sepiolite is Si12O30Mg8(OH)4(H2O)4.8H2O. It has fine

microporous channels of dimensions 3.7 9 10.6 Å running

parallel to the fiber axis [2]. Due to these channels, sepi-

olite is an important sorbent for many vapors and gases [3–

7]. These structural characteristics of sepiolite are account

for its high surface area and the capacity. BET surface area

of sepiolite for N2 gas generally ranges between 230 and

380 m2/g, also depends on deposit and history of the

mineral [8]. Fibrous sepiolite mineral has various industrial

applications requiring high resistance to thermal effects in

addition to a high surface area. Henceforth, the investiga-

tion of thermal behavior and determination of surface area

of sepiolite mineral has a great importance.

Kaolinite is one of the most abundant clay minerals.

Kaolinite is a layered aluminosilicate with a dioctahedral

1:1 layer structure consisting of an octahedral aluminum

hydroxide sheet and silica tetrahedral sheet that share a

common plane of oxygen atoms [9, 10]. The ideal formula

of kaolinite is Al2Si2O5(OH)4, but in most kaolinite clays

there are defects due to isomorphous substitution of Si by

Al and other small atoms. Kaolinite clays are widely used

in many industrial applications like ceramic, porcelain,

food, paint, medicine, cosmetic, chemical, and paper

industries, etc. [11, 12]. Knowledge of the structural, sur-

face and adsorption properties of kaolinite is required for

optimizing the above-mentioned applications.

SO2 is one of the air pollutant mainly produced from

combustion of fossil fuels and causes adverse effects on

human health and the environment. SO2 is the primary

cause of acid rain which damages crops, forests, animals,

freshwaters and buildings. Therefore, the reduction of

SO2 emissions is of great importance. There are many

papers about adsorption of SO2 by bentonitic clay minerals
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[13–16]. Nevertheless, there is scarce information about

the retention of SO2 by kaolinites and sepiolites [3, 17, 18].

Thermal and structural analyses are widely used in the

study of properties of sepiolite and kaolinite samples

[19–32]. There are large sepiolite and kaolinite reserves in

different regions of Turkey. However, there has not been

enough study about the thermal, structural, and SO2

adsorption properties of Turkey clays. The main objective

of this study is to investigate three clay samples in terms of

their clay types, chemical compositions, thermal, struc-

tural, and SO2 adsorption properties.

Experimental

Material

The sepiolite sample named ‘S’ was obtained from Siv-

rihisar, Turkey. The kaolinite samples labeled as ‘K1’ and

‘K2’ were obtained from Kütahya and Bilecik regions,

respectively. The samples were air dried at room temper-

ature and ground to pass through a \100 lm sieve.

Instrumentation

The XRD diffractograms were obtained with a Rigaku

RINT-2200 instrument, using CuKa radiation (k = 1.54 Å)

at 40 kV and 20 mA, in the range 3–40� 2h. The samples

were scanned with a step of 0.02� 2h. The chemical anal-

yses of clay samples were carried out using a Rigaku ZSX

Primus model XRF instrument. Infrared spectra of the clay

samples were recorded in the region of (4000–400) cm-1

via Perkin-Elmer FT-IR spectrum 2000 spectrometer at a

resolution of 4 cm-1 using KBr pellet technique.

The BET surface areas of the samples were measured

with volumetric sorption analyzer (NOVA 2200, Quanta-

chrome Instruments, USA) using nitrogen gas adsorption at

-196 �C. Before each measurement, the samples were

degassed at 125 �C for 6 h. High purity (99.99%) nitrogen

was used as the adsorbate.

Simultaneous TG–DTA experiments were carried out

using a Setsys Evolution Setaram thermal analyzer.

Approximately, 25 mg of sample was used in each run.

Powdered samples were loaded into alumina pan. The

empty alumina pan was used as reference. All experiments

were performed at the heating rates of 10, 15, and 20 �C

min-1 over the temperature range of 30–1200 �C.

Retention values of SO2 by clay samples were deter-

mined using automated volumetric equipment (Autosorb

1-Quantachrome Instruments, USA) at 20 �C. About 0.2 g

of the sample was outgassed in vacuum at 125 �C for 7 h

before sulfur dioxide adsorption.

Results and discussion

Characterization of sepiolite and kaolinite clays

Three local samples were investigated through chemical

analysis. The chemical analysis of clay samples was carried

out and the data were presented in Table 1. Na2O, K2O,

Fe2O3, and TiO2 are present only very small amounts in

sepiolite sample. The MgO content of sepiolite-rich sample

is 18.98% and the SiO2 content is 46.28%. The theoretical

SiO2/MgO ratio of sepiolite is 2.23 and SiO2 is typically on

the order of 55.9 ± 1.9% and MgO 21–25% [33]. The SiO2/

MgO ratio of sepiolite used this study is 2.43 and this ratio is

similar to ideal sepiolite [34] whereas it is greater than

theoretical ratio of sepiolite. Furthermore, the SiO2 and

MgO contents are less than the theoretical ratio of sepiolite.

The differences in chemical composition reflect the miner-

alogy of the sediments. The MgO comes both from sepiolite

and dolomite. The CaO is originated only from dolomite.

The LOI is due to the dehydration and dehydroxylation of

the sepiolite and also calcination of the dolomite.

Comparison between the chemical composition of K1

and K2 clays and ideal composition of kaolinite shows that

these samples have higher SiO2 contents [35]. Loss on

ignition (LOI) values of the kaolinite samples is similar

(Table 1). The excess of SiO2 is due to the presence of

quartz, as shown by XRD [36]. K1 clay sample contains a

lower content of Fe2O3, TiO2, K2O and MgO compared

with the K2 clay sample.

X-ray diffraction

The XRD patterns of the clay samples are shown in Fig. 1.

It can be seen from Fig. 1 that the main impurity in the

sepiolite was dolomite. Therefore, the natural rock contains

sepiolite and dolomite as clay and nonclay minerals,

Table 1 Chemical compositions of the clay samples in wt%

Chemical analysis/% K1 K2 Ideal kaolin [35] S

SiO2 69.18 61.86 46.55 46.28

Al2O3 21.74 24.52 39.49 4.77

Fe2O3 0.32 1.11 – 2.02

CaO 0.08 0.06 – 2.87

MgO – 0.28 – 18.98

Na2O 0.05 0.08 – 0.15

K2O 0.06 2.31 – 0.45

TiO2 0.43 1.47 – 0.29

P2O5 0.12 0.08 – 0.01

Others 0.22 0.17 – 0.33

LOI 7.80 8.06 13.96 23.85
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respectively. The XRD pattern of the sepiolite sample

shows the characteristic (110) reflection of sepiolite at

12.4 Å. This value is slightly greater than those reported in

the literature [37, 38]. Other moderate-intensity reflections

for sepiolite are at 4.5, 4.3, 3.74, 3.34, 3.17, and 2.57 Å.

Dolomite peaks at 2.90 and 2.41 Å were observed in XRD

analysis.

The XRD pattern of the K1 clay (Fig. 1) contained

kaolinite as the principal mineral (characteristic peaks at

7.18 and 3.58 Å) with quartz (peaks 4.26, 3.35, and 2.28

Å). The XRD pattern of the K2 clay (Fig. 1) contained

kaolinite as the major mineral (characteristic peaks 7.12

and 3.56 Å), with muscovite (characteristic peaks 9.92 and

4.96 Å) and quartz (characteristic peaks 4.24, 3.33, and

2.27 Å). The basal spacing of the K1 sample (7.18 Å) is

slightly greater than that of the K2 sample (7.12 Å).

Specific surface area

BET evaluation (P/Po = 0.05–0.35) was used to measure

specific surface areas of the clay samples [39, 40]. Appli-

cations of BET model give the specific surface areas of

324, 6.6, and 7.5 m2/g for S, K1 and K2 samples, respec-

tively (Table 2). Both kaolinite samples exhibit a very low

specific surface area. The surface area values of K1 and K2

samples are in agreement with those generally determined

(10–30 m2/g) for kaolinite-type materials [41].

FT-IR studies

FT-IR spectra of S, K1 and K2 samples are shown in

Fig. 2. In the FT-IR spectrum of S sample, the bands at

*3689, 3623, 3568, 3432, and 3252 cm-1 are attributed to
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Fig. 1 X-ray diffraction pattern of the S, K1 and K2 samples

(S sepiolite, D dolomite, K kaolinite, Q quartz, M muscovite)

Table 2 BET surface area values and SO2 retentions of clay samples

Samples SBET/m2 g-1 SO2/mmol g-1

K1 6.6 0.144

K2 7.5 0.164

S 324 2.744
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Fig. 2 FT-IR spectra of S, K1, and K2 samples
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the presence of adsorbed and zeolitic water molecules in

the structure of mineral [24, 25]. The band at 3432 and

1665 cm-1 are due to OH stretching and bending of water

molecules, respectively (zeolitic or interior or channel

water) [42]. The band at 1451 cm-1 is attributed to the

dolomite impurity [24]. The band at 1211 cm-1 is due to

Si–O–Si bond [43]. The bands corresponding to the in

plane Si–O–Si vibrations are observed at 1023, 982, and

473 cm-1 [44]. The bands at *785, 690, and 646 cm-1 are

assigned to inner Mg–OH bending vibrations. In addition,

the band at 439 cm-1 is due to Si–O–Mg bonds [24, 45].

In the FT-IR spectrum of K1 sample, the bands at 3699,

3652, and 3621 cm-1 are characteristic mOH vibrations for

kaolinite. The bands at 1118, 1093, 1036, and 1007 cm-1

are due to Si–O vibrations [27, 46]. OH deformation bands

appear at 936 and 914 cm-1. The bands at 796 and

755 cm-1 are attributed to the Si–O–Si vibrations. The

band at 543 cm-1 is assigned to Si–O vibrations. In the FT-

IR spectrum of K2 sample, four bands appear at 3697,

3670, 3652, and 3620 cm-1 are typical OH strecthing

bands for kaolinite [27]. The vibrations of Si–O groups are

observed at 1114, 1110, 1032, and 1009 cm-1. The bands

appear at 937 and 913 cm-1 are due to the OH deforma-

tion. The bands at 795 and 755 cm-1 are assigned to Si–O–

Si vibrations, while the band at *540 cm-1 is due to Si–

O–Al bending vibrations [27]. In addition, the vibrations of

Si–O groups appear around 695, 471 and 430 cm-1 [46].

Thermal properties

The clay samples in order to see the effect of the heating

rate were heated at 10, 15, and 20 �C min-1, up to a

temperature in the 30–1200 �C range. Temperature inter-

vals and peak temperatures of the clay samples are given in

Table 3. DTA-TG curves of the clay samples are given in

the Figs. 3, 4, and 5. Six endothermic changes and one

exothermic change for sepiolite are seen at heating rate

10 �C min-1 in the DTA curve (Fig. 3). The first and

dominant endothermic mass loss of 6.23% in the temper-

ature range of 30–250 �C with the maximum rates at 110

and 210 �C are due to the dehydration of hydroscopic

water and zeolitic water. The second endothermic mass

loss of 2.18% between 250 and 365 �C with the maximum

rate at 303 �C is due to the dehydration rest part of zeolitic

water and the first part of the bound water. The total of

mass losses up to 365 �C is 8.41%. The third endothermic

mass loss of 3.29% in the temperature range of 365 and

570 �C with the maximum rate at 429 �C is attributed to

the dehydration of the second part of the bound water. The

calcination of the dolomite and dehydroxylation of the

sepiolite give rise to fourth and fifth endothermic mass

losses of 6.13% after 570 �C up to 1200 �C with the

maximum rates at 732 and 812 �C. An exothermic peak at

840 �C is sharp, beginning at 825 �C and ending at 887 �C.

The crystal structure of sepiolite has collapsed in this last

reaction. The dehydration of the present sepiolite is in good

agreement with those of the sepiolite described by other

authors [26, 29, 47, 48]. For sepiolite sample, the mass loss

during thermal decomposition is 16.11% at 750 �C and

17.83% at 1200 �C.

The TG–DTA curves of the kaolinite samples are sim-

ilar (Figs. 4, 5). The DTA curve of the K1 sample at

heating rate 10 �C min-1 exhibits three endothermic peaks

at 89, 173, and 234 �C in the range of 30–400 �C tem-

perature ranges. These peaks corresponded to the removal

of adsorbed and interlayer water. The elimination of the

structural hydroxyls of the octahedral sheet gives rise to

endothermic peaks at 531 and 671 �C. Intense exothermic

peak at 1012 �C is attributed to the formation of a spinal

phase [49–51].

The evaluation of adsorbed and interlayer water from

K2 is presented by three endothermic peaks at 86, 172, and

241 �C in the DTA curve at heating rate 10 �C min-1.

Fourth endothermic peak between 415 and 670 �C with

the maximum rate at 525 �C corresponds to the

Table 3 TG–DTA data of S, K1 and K2 samples

Sample Heating

rate/�C min-1
Temp.

interval/�C

End.

peak/�C

Exo.

peak/�C

S 10 30–250 110, 210

250–365 303

365–570 429

570–1200 732,812 840

15 30–250 122, 218

250–400 307

400–570 441

570–1200 743,819 845

20 30–300 132, 248

300–400 343

400–570 445

570–1200 755,831 852

K1 10 30–400 89, 173, 234

400–1200 531, 671 1012

15 30–400 111, 215, 300

400–1200 552, 678 1016

20 30–400 133, 253, 351

400–1200 580, 688 1020

K2 10 30–400 86, 172, 241

400–1200 525 1008

15 30–400 105, 209, 297

400–1200 539 1014

20 30–400 128, 247, 343

400–1200 548 1017
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dehydroxylation process to metakaolinite [52, 53]. In

addition, the formation of a spinel phase results in a sharp

exothermic DTA peak at 1008 �C.

Mass changes of the K1 and K2 samples studied plotted

as a function of temperature are shown in Figs. 4 and 5.

The TG curves for both samples exhibit a similar two-step

weight loss. The first step (starting at 30 �C) corresponds to

the elimination of physically adsorbed water and interlayer

water. The second one (starting at 400 �C) reflects the loss

of structurally bonded water. The total mass losses of K1

and K2 were determined as 7.8 and 7.9%, respectively.

It was observed that different heating rates influenced

the intensities of both endothermic and exothermic peaks

related to the dehydration, dehydroxylation, and then

crystallization of a new phase (Table 3; Figs. 3, 4, 5).

Higher peak temperatures are obtained with increasing

heating rate.

Gas adsorption

Adsorption processes are of great importance for removal of

pollutants. Sulfur dioxide (SO2) adsorption of K1, K2, and S

clay samples was measured using a volumetric apparatus, at

20 �C and pressures up to 106 kPa. High purity SO2 gas was

used as the adsorbate. The absolute amounts adsorbed per

gram of clay samples are given in Table 2. A relationship

was found between gas adsorption and the BET surface area.

A large specific surface area is preferable for providing a
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large adsorption capacity depending on clay mineral. Sepi-

olite (S) showed much higher SO2 adsorption (2.744 mmol/

g) than K1 (0.144 mmol/g) and K2 (0.164 mmol/g) samples.

The retention values of SO2 by K1 and K2 samples in this

paper were lower than those of kaolinite samples (0.201–

0.542 mmol/g [17]).

The presence of impurities as quartz in kaolinites may

affect the retention of gases because the adsorption of these

minerals is usually small [18, 54]. SO2 gas retention in K2

clay was higher than that of K1 clay. It could be attributed

to a larger amount of clay components in K2 clay. The

results indicate that S has good performance in SO2

removal compared with K1 and K2 samples.

Conclusions

In present work, clay samples were characterized using

XRD, XRF, FT-IR, TG–DTA and surface area measure-

ment methods. Adsorptions of SO2 on clay samples have

been obtained at 20 �C pressures up to 106 kPa. Both the

mineral and chemical purities of the powder samples were

established. The K1 and K2 clay samples contain kaolinite

as the major clay mineral and also quartz as impurity. In

K2 sample, muscovite phase is also present.

The temperature ranges were determined for the dehy-

drations of hydroscopic and zeolitic water as 30–250 �C, for

the dehydration of the bound water as 250–750 �C and de-

hydroxylation of hydroxyls as 810–850 �C in TG–DTA

curve of S sample. The thermal behavior is similar in shape

for kaolinite clays. It was determined that the DTA curves of

K1 and K2 clay samples showed three endothermic peaks

between 30–300 �C corresponding to the loss of adsorbed

and interlayer water. The endothermic peak between 400–

685 �C corresponded to the loss of the structural OH of

kaolinite and associated with kaolinite–metakaolinite phase

transition. The exothermic peak observed at around 1000 �C

for K1 and K2 was related to the formation of a spinel phase.

It was also observed that the heating rate employed in TG–

DTA analysis significantly effects peak temperatures. The

effects of high heating rate give rise to the reactions to occur

at higher temperatures.

It was found that SO2 adsorption capacity of S sample

was much greater than K1 and K2 samples. In conclusion,

compared with K1 and K2 samples, S sample could be

proposed as an adsorbent for removing SO2 from con-

taminated environments.
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cedes Pastor-Blas M, Martı́n-Martı́nez J. Structural modification

of sepiolite (natural magnesium silicate) by thermal treatment:

effect on the properties of polyurethane adhesives. Int J Adhes

Adhes. 1997;17:111–9.

44. Vicente-Rodriguez M, Suarez M, Banares-Munoz M, Lopez-

Gonzalez J. Comparative FT-IR study of the removal of octa-

hedral cations and structural modifications during acid treatment

of several silicates. Spectrochim Acta. 1996;52A:1685–94.

45. Prost R. Infrared study of the interactions between the different

kinds of water molecules present in sepiolite. Spectrochim Acta.

1975;31A:1497–9.

46. Guimaraes JL, Peralta-Zamora P, Wypych F. Covalent grafting of

phenylphosphonate groups onto the interlamellar aluminol sur-

face of kaolinite. J Colloid Interface Sci. 1998;206:281–7.

47. Kiyohiro T, Otsuka R. Dehydration mechanism of bound water in

sepiolite. Thermochim Acta. 1989;147:127–38.

48. Serna C, Ahlrichs JL, Serratosa JM. Folding in sepiolite crystals.

Clays Clay Miner. 1975;23:452–7.

49. Okada K, Ostuka N, Ossaka J. Characterization of spinel phase

formed in the kaolin-mullite thermal sequence. J Am Ceram Soc.

1986;69:251–3.

50. Gualtieri A, Bellotto M, Artioli G, Clark SM. Kinetic study of the

kaolinite-mullite reaction sequence. Part II: mullite formation.

Phys Chem Miner. 1995;22:215–22.

51. Srikrishna K, Thomas G, Martinez R, Corral MP, De Aza S,

Moya JS. Kaolinite-mullite reaction series: a TEM study. J Mater

Sci. 1990;25:607–12.

52. Toussaint J, Fripiat J, Gastuche MC. Dehydroxylation of kao-

linite. I. Kinetics. J Phys Chem. 1963;67:26–30.

53. Ortega A, Rouquerol F, Akhouayri S, Laureiro Y, Rouquerol J.

Kinetical study of the thermolysis of kaolinite between -30 and

1000 �C by controlled rate evolved gas analysis. Appl Clay Sci.

1993;8:207–14.

54. Volzone C, Thompson JG, Melnitchenko A, Ortigaand J, Pale-

thorpe SR. Selective gas adsorption by amorphous clay mineral

derivative. Clays Clay Miner. 1999;47:647–57.

Thermal and SO2 adsorption properties of clays 441

123


	Thermal and SO2 adsorption properties of some clays from Turkey
	Abstract
	Introduction
	Experimental
	Material
	Instrumentation

	Results and discussion
	Characterization of sepiolite and kaolinite clays
	X-ray diffraction
	Specific surface area
	FT-IR studies
	Thermal properties
	Gas adsorption

	Conclusions
	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


