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Abstract: Natural sepiolite from Andrici (Serbia) was functionalized by coval-
ent grafting of N-[3-(trimethoxysilyl)propyl]ethylenediamine triacetic acid tri-
sodium salt onto the Si—~OH sepiolite groups. The functionalized material,
MSEAS, was characterized by determination of the phase composition by X-
ray diffraction (XRD) analysis, analysis of the morphological characteristics by
scanning electron microscopy (SEM), using Fourier transform infrared (FTIR)
spectroscopy, differential thermal analyses (DTA), determination of the spe-
cific surface areas and pore size distribution using the BET method and point
of zero charge (pH,,.) determination. The crystal structure of sepiolite did not
change significantly upon surface modification. The FT-IR and DTA analyses
confirmed that the modified sample maintained the basic structure of sepiolite
and the presence of organic groups in the functionalized sepiolite sample. The
point of zero charge of MSEAS in KNOj solutions of different concentrations,
determined by the batch technique, was at pH 7.010.1.

Keywords. sepiolite; functionalization; N-[3-(trimethoxysilyl)propyl]ethylene-
diamine triacetic acid, trisodium salt.

INTRODUCTION

The variety of possible reactions of the active centres on the surface of clays
allows the surface properties to be changed by introduction of new groups of
atoms. Grafting is a process that links inorganic and organic components via
strong bonds, such as covalent or ionic—covalent linkages, to obtain function-
alized clays, i.e., the formation organic—inorganic hybrid materials combining the
mechanical stability of a clay framework and the reactivity of organofunctional
groups. The alkoxysilane part of an organosilane molecule is capable of bonding

* Corresponding author. E-mail: slazarevic@tmf.bg.ac.rs
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with a variety of mineral or metal surfaces through complex hydrolysis/conden-
sation reactions, whereby Si—-O—metal bonds are ultimately formed.!

The reactions of clay minerals with reagents containing metal chelating
functionalities have recently been explored in an effort to enhance the heavy
metal binding capacities of clays and their selectivity to the type of metal con-
sidered.2?

The surface of sepiolite has a great ability for grafting reactions with organo-
silanes due to its high content of silanol groups that are very susceptible to the
reactions.10 By hydrolysis, the alkoxy-groups of the organosilane (R-SiX3,
where X designates hydrolysable alkoxy groups (usually methoxy, —OCHj3, or
ethoxy, —OCyHs)) are converted to silanol groups, which react with silanol
groups of sepiolite forming Si-O-Si covalent bonds.!! The most widely used
functional silanes contain thiol (-SH) or amino (—NHj) groups. The surface of
sepiolite was previously functionalized using silane coupling agents: 3-mercapto-
propyltrimethoxysilane (MPS),2 triethoxy-3-(2-imidazolin-1-yl)propylsilane,12
[3-(2-aminoethylamino)propyl]trimethoxy-silane).!3

In previous papers, natural, acid activated and thermo-acid activated sepio-
lites were functionalized using (3-mercaptopropyl)trimethoxy-silane and [3-(2-
-aminoethylamino)propyl]trimethoxysilane and the capacities of the obtained
sorbents for chromium(VI) sorption from aqueous solutions were investi-
gated.%-14.15 It was shown that adsorption capacities of the amine-functionalized
sepiolites were much higher than those of mercapto-silane functionalized sepio-
lites under the same conditions, indicating that adsorption capacities of func-
tionalized sepiolites depended on the type of groups covalently grafted to the
sepiolite surface.

The present study is the first to investigate the modification of sepiolite with
N-[3-(trimethoxysilyl)propyl]ethylenediamine triacetic acid trisodium salt in
order to improve sorption capacity for metal ions from aqueous solutions. The
silanation reagent N-[(3-trimethoxysilyl)propyl]ethylenediamine triacetic acid
contains three methoxy groups, which could react with the OH groups on clays,
and an EDTA group, which could chelate metals. This paper reports the pre-
paration of the modified material and its characterization by XRD analysis, scan-
ning electron microscopy (SEM), Fourier transform infrared (FTIR) spectro-
scopy, differential thermal analyses (DTA), surface-area analysis and determin-
ation of the point of zero charge (pHp,c). In the second part of this paper, the
adsorption properties of the functionalized sepiolite sample, the sorption of Ni2*
on the MSEAS as a function of the initial metal concentration, the equilibration
time, the pH value and temperature are discussed.
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EXPERIMENTAL
Materials

The natural sepiolite (SEP) used for the modification was obtained from Andrici
(Serbia). The chemical composition, specific surface area, pore volume, pore radius, X-ray
diffraction, and FTIR analyses of the sample were reported previously.!¢ The functional-
ization of sepiolite was performed from aqueous solution®!7 by mixing a mechanically stirred
suspension of 50 g of sepiolite in distilled water, pH of 7.1, with 22.5 mL of a 45 % aqueous
solution of N-[3-(trimethoxysilyl)propyl]ethylenediamine triacetic acid trisodium salt
((CH;30);3Si(CH,);N(CH,COONa)N(CH,),N(CH,COONa),), MSEA, Gelest). The mixture
was filtered after 2 h and the modified sepiolite sample, MSEAS, was washed with water.

Characterization of the modified sepiolite

The scanning electron microscopic (SEM) analysis of the sepiolite powder was realized
on a Tescan Mira 3 microscope. The powder was fused with a Pd—Pt alloy. X-Ray diffraction
(XRD) analysis of the sample was performed using an Ital Structures APD 2000 diffracto-
meter with CuKa radiation, in the 2 8 angle range from 5 to 60°, with a 0.02° step.

Infrared spectroscopy analysis was made on a MB Boman Hartmann 100 instrument in
the wave number range from 4000 to 400 cm'!. The sample was prepared by the KBr method
at a ratio of sample:KBr of 1:75. Differential thermal analysis in air was realized using an
AMINCO instrument with computer-controlled temperature, at a heating rate of 10 °C min™!.

The specific surface areas and pore size distribution of the modified sample was esti-
mated using nitrogen adsorption—desorption isotherms determined using a Micrometrics
ASAP 2020 instrument. Before the sorption measurement, the sample was degassed at 150 °C
for 10 h under reduced pressure. The specific surface area of sample (Sggpr) was calculated
according to the Brunauer—-Emmett—Teller (BET) method from the linear part of the nitrogen
adsorption isotherm.!® The total pore volume (V,,) was given at p/py = 0.998. The volume of
the mesopores and pore size distribution were analyzed according to the Barrett, Joyner and
Halenda method from the desorption isotherm.!® The volume of the microspores was calcul-
ated according to t-plot analysis?® using the Harkins—Jura thickness curve.

The point of zero charge (pHy,.) of the modified sepiolite was determined in KNO;
solutions having concentration 0.1, 0.01 and 0.001 mol L-!, using the batch equilibration
method as described previously.2! In order to determine the degree of dissolution of the
modified sepiolite powder, the concentration of Mg2" in the solutions after equilibration with
2 0.01 mol L-! KNOj; solution was measured by atomic absorption spectroscopy (AAS, Perkin
Elmer 730).

RESULTS AND DISCUSSION
Characterization of modified sepiolite

The characteristic peak positions in the XRD spectrum of the sepiolite
sample had not changed after modification with N-[3-(trimethoxysilyl)propyl]-
ethylenediamine triacetic acid trisodium salt (Fig. 1), indicating that the structure
and crystallinity of sepiolite were maintained, which could be attributed to the
functionalization occurring mainly on the surface or by the partial replacement of
zeolitic water.
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10 20 30 40 50 60 Fig. 1. XRD spectrum of the MSEAS sample
20/° (S — sepiolite).

The SEM micrograph of MSEAS is shown in Fig. 2. It could be seen that the
modified sepiolite had a fibrous structure, as did the natural sepiolite.22 The mic-
rographs of natural sepiolite sample showed the fibres had needle morphology of
30-50 nm in diameter and 1 um in length. After surface modification, the needle
morphology was maintained but with reduced fibre length. The fibres of the func-
tionalized sample formed bundle-like aggregates.

Ir'“""“":”:'__"“"':""-"""'“'_m@'ﬁ‘ & Fig. 2. SEM micrograph of the modified
L View Nald: 1.44 Hm Dat: InBeam 200 nm -

| sEM MAG: 150 kx 33 | |/ sepiolite.

The FTIR spectrum of the modified sample (Fig. 3) was generally similar to
that of natural sepiolite, confirming that the modified material had maintained the
basic structure of sepiolite. Three regions indicative for sepiolite?324 could be
observed in Fig. 3: bands in the 4000-3000 cm™! range corresponding to the vib-
rations of the Mg—OH group (3690 cm!), bound water coordinated to mag-
nesium in the octahedral sheet (3570 cm™!) and zeolitic water in the channels (at
3422 cm!); a band at 1658 cm~! due to the vibration of zeolitic water; bands in
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the 1200-400 cm~! range characteristic of silicate: bands centred at 1016 and 467
cm~! due to Si—O-Si vibration; bands at 1215 and 1078 ecm~! due to Si—O bonds;
a band at 437 cm! originating from octahedral-tetrahedral bonds (Si-O-Mg
bonds) and bands at 690 and 637 cm! corresponding to vibrations of the
Mg-OH bond. The band at 1381 cm~! corresponds to vibrations of C—H of the
CH, groups. The C—H stretching vibrations of the methoxy (O—CH3) and chain
methylene (CHj) groups could be observed at 2850 and 2930 cm™!, respect-
ively.%-13 A band, assigned to symmetric COO~ stretching vibrations,2> could be
clearly observed at 1407 cm~!. The detected CH, and COOH groups belong to
the units of the MSEA, clearly indicating the presence of the organic modifier in

the sample.
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Fig. 3. FT-IR spectrum of the MSEAS sample.

The DTA curve of the modified sepiolite, shown in Fig. 4, revealed the
decomposition of the aminocarboxylic group on the surfaces of MSEAS and
dehydration of the sepiolite structure. The endothermic peak represents the loss
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T/°C Fig. 4. DTA curve of the MSEAS sample.
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of zeolite water (at 150 °C),26 the exothermic peak at 815 °C represents the
dehydratation of the octahedrically coordinated hydroxyl groups, i.e., phase
transformation of sepiolite into enstatite (MgSiO3). The broad exothermic peak at
~329 °C reveals the decomposition of the grafted silane ligand and clearly proves
the presence of organic silane molecules on the modified material.

Textural properties of modified sepiolite

Adsorption—desorption isotherms at —196 °C for MSEAS, and the pore
volume and pore size distribution are presented in Fig. 5a and b. The MSEAS showsa
hysteresis pattern which is associated with the filling and emptying of the
mesopores by capillary condensation, but does not show a plateau at high p/pg
values, which is characteristic of a Type IV isotherm. The hysteresis loop is of Type
H3. According to the classification of Rouquerol €t al.,!3 such a shape of a nitrogen
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Fig. 5. a) Nitrogen adsorption/desorption isotherms; b) pore volume (1) and pore size
distribution (2) of the MSEAS.
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isotherm is characteristic for Type IIb indicating that the material contained both
mesopores, which are responsible for the hysteresis, and macropores, which
results in the absence of the plateau typical for mesoporous Type IV isotherms.
The H3 hysteresis pattern indicates the presence of slit-like pores.2”

From Fig. 5 and the data summarized in Table I (BET surface area, volume
of mesopores, Vimesopore» and micropores, Vmicropore, the overall pore volume,
Vporetotal, and the maximum, dpax, and average, d, mesopore diameters) and data
obtained for a natural sepiolite,!© it could be noticed that the modification of the
sepiolite with MSEA caused a small change in the specific surface area, an
increase in the total pore volume, the micropore volume and the mesopore
volume. Increases in the maximum and average mesopore diameters were obs-
erved for the modified sepiolite sample. It could be assumed that silane modi-
fication occurred almost exclusively on the external sepiolite surface, with only
partial entry into the sepiolite channels, i.e., that the pores of the sepiolite were
not closed during the functionalization.

TABLE L. The textural properties of the MSEAS
SBET / mZ g-l Vporetotal / Cm3 g-l Vmicropore / Cm3 g-l Vmesopore / Cm3 g-l dmax /nm d/nm
309.9 0.374 0.054 0.325 4.00 6.51

Determination of the point of zero charge of the modified sepiolite

The point of zero charge (pHp,) is an important interfacial parameter,
extensively used in characterizing the ionization behaviour of a surface. It is very
important for the determination of the acid—base characteristics of the surface
functional groups and their interactions with ions from aqueous solutions. The
surface potential exists as a direct result of the presence of surface charge. The
solution pH value at which the surface charge density of the solid phase is equal
to zero (o9 = 0, wo = 0), is called the point of zero charge (pHp,c). The solid
phase surface is positively charged if pH < pHp,. and negatively if pH > pHyc.

The point of zero charge of MSEAS in KNOj3 solutions of different con-
centrations, determined by the batch technique from the plateaus, i.e., the curve
inflexions, from the dependences pHy vs. pH;, (Fig. 6) was at pH 7.010.1. The
pHpzc determined in KNO3 solutions of different concentrations were inde-
pendent of the ionic strength of the KNO3 solutions, indicating that KNO3 was
an inert electrolyte, i.e., specific sorption of K™ and NO3~ did not occur at the
surface.

The slight change in the point of zero charge of MSEAS compared with the
pHpc of the natural sepiolite sample (7.4+0.1)16 indicates an insignificant dec-
rease in the basicity of the sepiolite surface after functionalization.

The dependence of the quantity of Mg2* released into the solution during
equilibration of 0.05 g of the MSEAS with 25 cm? 0.01 mol L~! KNOj3 solution
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is also shown in Fig. 6 in order to determine the degree of dissolution of the
modified sepiolite powder. In the investigated pH range, the quantity of Mg2"
present in the solution as a result of the dissolution of sepiolite was almost cons-
tant and equal to 0.05 mmol g-! MSEAS.

= 0.1molL" KNO; .
78}
e 0.0l molL" KNO, <
84 a ° L(})J
4 0.001 mol L” KNO, . =
102 =
) - N +°D
74 a - L] o
f ] . A.. » &N
CEE TN =
b) =
6 . —Jo1 £
5 Mg2+ E
U mn n n n n @D
5_ o o
T T T T T 0.0
4 6 8 10
pH;

Fig. 6. a) Determination of the pHp,. of MSEAS in KNOjs solutions of different
concentrations; b) dependence of the quantity of Mg?" released into the solution
per unit mass of MSEAS on pH; during equilibration with 0.01 mol L-! KNOj solutions.

CONCLUSIONS

The obtained results showed that natural sepiolite from the Andrici deposit
could be modified by treating with N-[3-(trimethoxysilyl)propyl]ethylenediamine
triacetic acid trisodium salt in the presence of an aqueous solution. The surface
modification of the sepiolite involved chemical reaction of the silanol groups on
the sepiolite surface with the alkoxy groups of the organosilane molecule. The
signs of modification of the sepiolite surface were: the presence of new exo-
thermic peaks in the DTA spectrum for modified sepiolite, the detection of car-
boxylic functional groups present on modified sepiolite by FTIR spectroscopy.
The point of zero charge of MSEAS in KNO3 solutions of different concentra-
tions, determined by the batch technique, was pH 7.020.1.
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U3BOJ
OYHKIJWOHAITU3AIIUJA CEITMOJIUTA IIPUMEHOM COJIM HATPUJYMA
N-[(3-TPUMETOKCHW)ITPOITUIIETUIEHIUAMUHTPUALETATHE KMUCEJIMHE.
[TPBU JEO: [IPUITPEMA U KAPAKTEPU3AIIUJA

CJIABHUIIA C. JIASBAPEBUR, MBOHA M. JAHKOBUR-YACTBAH, BFOJAH M. JOKUR, BOPBE T. JAHARKOBUR
u PAJJA 1. IETPOBHR

TexHonmowKo-mewanypuxu Gpaxynimeii Ynueep3uitieiia y beoipagy, Kapneiujesa 4, 11000 Beoipag

[TpUpOAHU CENUONUT U3 HanasuuTa AHApHhHY je GYHKUHOHAIM30BaH MPUMEHOM COIH
Hatpujyma N-[(3-TpHUMETOKCH)IPONWI]eTUIEHANaMUHTPHALIETaTHE KUCEJIMHE YCIOCTaB/ba-
BeM KkoBasneHTHe Bede uamehy momuduxaropa u Si—OH NOBpIIMHCKHUX Tpyna CENHONHTA.
Kapakrepusaiuja GyHKIIHOHATN30BAaHOT y30pKka o3HaueHor ca MSEAS wusBpiueHa je onpehu-
BambeM MODP(QOJIOMKUX KapaKTePUCTHKA IPUMEHOM CKEHHUpajyhe eleKTpPOHCKe MUKPOCKOIIHje
(SEM), ompehrBamem ¢a3HOr cacTaBa PeHATEHCKO-AUpaKUXoHOM aHanu3oM (XRD) u mpu-
MeHOM HH@paupseHe crnekTpockoncke aHanuse (FT-IR) u gudepenuyjanHo-TepMujcke aHa-
nmuse (DTA), xao u ogpehuBamem crienudUyHe TOBPLIMHE U pacrofesne BenuyuHa nopa BET
METOJOM W TauKe HYJTOr Haejnekrpucawa (pHp,c). KpucraaHa CTpyKkTypa Cemuonura Huje
OduTtHO mpoMemeHa mNocTynkoM (QyHkunoHanuszanuje. Pesynratu FT-IR u DTA aHanuze
NOTBPAMIM Cy NPHUCYCTBO OCHOBHE CENHOJIUTCKE CTPYKType y y3opky MSEAS, xao u mpu-
CyCTBO KapOOKCHIHHMX TIpylla OpraHckor mopudukatopa. Tayka HYJATOr HaeJeKTPUCama
y3opka MSEAS, ogpehena y pactBopuma KNOj3 pasnuuuTHX KOHIIEHTpanHja NPUMEHOM
METOJie ypaBHOTEKaBama nocedHux npooda, usnocu 7,0+0,1.

(ITpumsseno 19. pedpyapa, pesupupano 11. maja, npuxsaheno 14. maja 2015)

REFERENCES

Y. Xie, C. A. S. Hill, Z. Xiao, H. Militz, C. Mai, Composites, A 41 (2010) 806
R. Celis, M. C. Hermosin, J. Cornejo, Environ. Sci. Technol. 34 (2000) 4593
1. P. Blitz, J. P. Blitz, V. M. Gunko, D. J. Sheeran, Colloids Surfaces, A 307 (2007) 83
K. F. Lam, C. M. Fong, K. L. Yeung, G. McKay, Chem. Eng. J. 45 (2008) 185
A. M. F. Guimaraes, V. S. T. Ciminelli, W. L. Vasconcelos, Appl. Clay Sci. 42 (2009)
410
A. N. Vasiliev, L. V. Golovko, V. V. Trachevsky, G. S. Hall, J. Khinast, Micropor.
Mesopor. Mat. 118 (2009) 251
7. X.Liang, Y. Xu, G. Sun, L. Wang, Y. Sun, Y. Sun, X. Qin, Chem. Eng. J. 174 (2011) 436
8. X. Liang, Y. Xu, X. Tana, L. Wang, Y. Sun, D. Lin, Y. Sun, X. Qin, Q .Wang, Colloids
Surfaces, A 426 (2013) 98
9. V. Marjanovi¢, S. Lazarevi¢, 1. ] ankovié-Castvan, B. Potkonjak, Dj. Janackovi¢, R.
Petrovi¢, Chem. Eng. J. 166 (2011) 198
10. M. Alkan, Micropor. Mesopor. Mat. 84 (2005)75
11. O. Demirbas, M. Alkan, M. Dogan, Y. Turhan, H. Namli, P. Turan, J. Hazard. Mater.
149 (2007) 650
12. Y. Turhan, P. Turan, M. Dogan, M. Alkan, H. Namli, O. Demirbas, Ind. Eng. Chem. Res.
47 (2008) 1883
13. M. Dogan, Y. Turhan, M. Alkan, H. Namli, P. Turan, O. Demirbas, Desalination 30
(2008) 248
14. V. Marjanovi¢, S. Lazarevi¢, 1. Jankovi¢-Castvan, B. Joki¢, A. Bjelajac, Dj. Janackovic,
R. Petrovi¢, Hem. Ind. 67 (2013) 715

NA L=

S

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCs. All rights reserved.



1202 LAZAREVIC et al.

15.

16.

17.
18.

19.
20.
21.
22.

23.
24.
25.

26.
27.

V. Marjanovié, S. Lazarevié, 1. Jankovié¢-Castvan, B. Jokic, Dj. Janackovi¢, R. Petrovié,
Appl. Clay. Sci. 80-81 (2013) 202

S. Lazarevi¢, 1. Jankovié-Castvan, D. Jovanovié, S. Milonji¢, Dj. Janackovi¢, R. Petrovic,
Appl. Clay Sci. 37 (2007) 47

J. F. Bringley, Y. J. Lerat, U.S. Pat. Appl. 2005276862

F. Rouquerol, J. Rouquerol, K. Sing, Adsorption by Powders and Porous Solids, Aca-
demic Press, London, 1975

E. P. Barrett, L. G. Joyner, P. P. Halenda, J. Am. Chem. Soc. 73 (1951) 373

B. C. Lippens, J. H. De Boer, J. Catal. 4 (1965) 319

S. Milonjic, A. Ruvarac, M. Susic, Thermochim. Acta 11 (1975) 261

S. Lazarevi¢, Z. Radovanovié, Dj. Veljovi¢, A. Onjia, Dj. Janackovié, R. Petrovi¢, Appl.
Clay <ci. 43 (2009) 41

F. R. Cannings, J. Phys. Chem. 72 (1968) 1072

C. Serna, J. L. Alrichs, J. M. Serratosa, Clay Clay Miner. 23 (1992) 452

R. De Palma, S. Peeters, M. J. Van Bael, H. Van den Rul, K. Bonroy, W. Laureyn, J.
Mullens, G. Borghs, G. Maes, Chem. Mater. 19 (2007) 1821

A. Singer, W. F. A. Kirsten, C. Buhmann, S Afr. J. Geol. 95 (1992) 165

U. Kuila, M. Prasad, Geophys. Prospect. 61 (2013) 341.

Available on line at www.shd.org.rs/JSCS/

(CC) 2015 SCs. All rights reserved.




<<
  /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
  /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
  ]
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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




