J Mater Sci (2011) 46:2955-2962
DOI 10.1007/s10853-010-5171-3

Lightweight glass/Fe;O4-polyaniline composite hollow spheres
with conductive and magnetic properties

Jing Wang - Huifang Xu - Jianwei Song *
Haijiao Zhang - Beiling Gao - Yudong Huang

Received: 8 August 2010/ Accepted: 7 December 2010/ Published online: 16 December 2010

© Springer Science+Business Media, LLC 2010

Abstract Lightweight composite hollow spheres with
conductive and magnetic properties were prepared by using
Hollow Glass Spheres (HGS) as substrate. The morphology,
composition, conductive, and magnetic properties of the
resultant products were characterized by SEM, EDX, XRD,
FTIR spectra, conductivity measurement, and vibrating-
sample magnetometry. Polyaniline (PANI) were in situ
polymerized on HGS with increasing ratios of PANI to HGS,
resulting in the enhanced conductivity of HGS/PANI
composites from 1.3 x 1072 S/cm to 4.4 x 1072 S/cm.
Lightweight glass/Fe;04-PANI composite hollow spheres
(HGS/Fe3;04-PANI) with conductivity of 5.4 x 1072 S/cm
and magnetization of 9.25 emu/g were prepared by depo-
sition of Fe30,4 nanoparticles onto HGS via electrostatic
adsorption first, and then polymerization of aniline onto
HGS/Fe;04. The glass/PANI-Fe;O, composite hollow
spheres (HGS/PANI-Fe;0,4) composed of Fe;O, as the
outmost layer and PANI as the inner layer were prepared for
comparison. The conductivity and magnetization of HGS/
PANI-Fe;0, were 1.1 x 107* S/cm and 2.61 emu/g,
respectively.
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Introduction

Inorganic nanoparticles/conducting polymer composites
have attracted considerable academic and technological
attention because of their unique physical properties and
potential applications in drug delivery, microwave absorp-
tion, sensors, and memory devices, etc. [1-4]. Among those
composites, materials with hollow structure are of particular
interest to researchers because of the lightweight and
enhanced physicochemical properties when compared with
their bulk counterparts [5-7].

Polyanilines (PANI) have been studied extensively
among conducting polymers because of their unique dop-
ing mechanics, controllable conductivity, and environ-
mental stability [8, 9]. Magnetic nanoparticles, particularly,
Fe;0, nanoparticles possess promising applications in
magnetic separation, orientation control, and biological
applications, etc. [10-13]. Substantial amounts of research
have been conducted on preparation of PANI and Fe;Oy4
composites for being used as microwave absorbents, and
electrical magnetic shielding materials [14, 15]. In the case
of PANI-Fe;O, composite hollow spheres, the core—shell
composites were conventionally prepared by using hard
cores, such as silica or polymer, e.g., polystyrene spheres
as templates [16—-19]. The PANI-Fe;0,4 composite hollow
spheres were achieved by using a solvent to remove the
templates. In the process of removing core templates, the
solvent should have access to the core and the shell is
penetrable finally.

Hollow Glass Spheres (HGS) are usually used as fillers
in composites due to their lightweight and high mechanical
properties [20-22]. The metal, polymer, and inorganic
oxides have been deposited onto HGS via various methods
[7, 23]. While to the best of the knowledge, little effort has
been done to deposit both PANI and Fe;O04 on HGS for
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preparing lightweight composite hollow spheres with
conductive and magnetic properties.

Herein, the authors report a facile way to prepare
lightweight glass/Fe;04-PANI composite hollow spheres
with conductive and magnetic properties by using HGS as
a substrate. The study indicates that increase in the PANI
loading amount on HGS will cause a rise in electrical
conductivity. Addition of Fe3O4 nanoparticles leads to
formation of lightweight composite spheres with both
conductive and magnetic properties. Since the cores of the
composites are closed and impenetrable, they show
potential to be used as lightweight multifunctional fillers in
many materials.

Experimental section
Synthesis
Raw materials

Aniline monomers were distilled under reduced pressure
before use; commercially available Hollow Glass Spheres
(HGS, silicate glass) were purchased from Shanghai and
washed with distilled water and absolute ethanol, respec-
tively for several times. Then, HGS were treated by 0.5 M
NaOH aqueous solution for 30 min and were washed to be
neutral before use. All the other chemical reagents were used
as received: ferrous chloride tetrahydrate (FeCl,-4H,0),
ferric chloride hexahydrate (FeCl;-6H,0), ammonium
hydroxide (NHj3-H,O), hydrochloric (HCl), ammonium
peroxydisulfate (APS), absolute ethanol, sodium hydrate
(NaOH), sodium chloride (NaCl), sodium dodecyl benzene
sulfonate (SDBS), poly (sodium 4-styrenesulfonate) (PSS),
poly (diallyldimethylammonium chloride) (PDDA), and
distilled water.

Preparation of Fe;0, nanoparticles

Fe;0,4 nanoparticles were prepared by a modified co-pre-
cipitate procedure according to literature [24]. 100 mL
distilled water was heated up to 80 °C and deaerated by
bubbling Nitrogen for 10 min. Then 5.17 g FeCl;-6H,O
and 2.45 g FeCl,-4H,0 were added under mechanical
stirring to prepare the aqueous mixture of ferric and ferrous
salts. 45 mL NaOH solution (2 M) was added to adjust the
system pH to 11, and quickly followed by addition of
0.0252 g SDBS as stabilizer. The reaction was allowed to
proceed for 1 h at 80 °C. The precipitate was then isolated
from the solution by a magnet and washed by distilled
water several times until the filtrate was neutral. The
products were re-dispersed in distilled water to prepare the
magnetic suspension.
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Preparation of HGS/PANI composite spheres

A typical polymerization procedure of Sample 4 was as
follows: 1.2 g HGS were dispersed in the 65 mL mixture
of 1.2 mL aniline monomer and 2 M HCI aqueous solution
(pH = 1.5) under constant mechanical stirring at 5 °C [16].
The reactants were stirred at least 30 min for aniline
monomer adsorbed on surface of HGS. Then, 2.94 g APS
was dissolved in 65 mL HCI aqueous solution (pH = 1.5).
The APS solution was added in the previous mixture
slowly, and the reaction was processed at 5 °C for 8 h [16].
After reaction, the precipitates were collected and washed
with absolute ethanol and then washed with distilled water
until filtrate was transparent. Finally, the products were
freeze-dried. Other HGS/PANI (Sample 2 and 3) were
fabricated by varying initial HGS/PANI (g/mL) ratio as
1.2/0.4 and 1.2/0.8 while the pH value, ANI and APS
concentrations were fixed. Pure PANI (Sample 1) was
synthesized under the same reaction condition except for
the addition of HGS. The synthesis parameters were
specified in Table 1.

Preparation of HGS/Fe30,-PANI and HGS/PANI-Fe;0,
composite spheres

The preparation process was described by a schematic
drawing (Fig. 1). As shown in Fig. la, 1.5 g HGS were
dispersed in 100 mL PDDA aqueous solution (0.1 wt%
PDDA and 1 M NaCl) under constant stirring for 30 min.
PDDA modified HGS were then collected and washed with
distilled water for three times, and re-dispersed in NaOH
aqueous solution (pH = 9) with constant mechanical stir-
ring. 5 mL magnetic suspension with 0.044 g/mL Fe;O,
was mixed with PDDA modified HGS. SDBS modified
Fe;04 nanoparticles were, thus, adsorbed on the surface of
PDDA modified HGS. PDDA and PSS (0.1 wt% PSS, 1 M
NaCl) were deposited on surface of above product in turn,
and then the resultant products of HGS/Fe;O,4 were vac-
uum-dried at 80 °C for 4 h. The in situ polymerization of
0.5 mL aniline on HGS/Fe;0, was conducted as proce-
dures described in the “Preparation of HGS/PANI

Table 1 Synthesis parameters

Sample HGS Aniline APS Viotal Magnetic
(2) (mL) (2) (mL)  suspension (mL)

1 - 1.2 2.94 130 -

2 1.2 04 0.98 44 -

3 1.2 0.8 1.96 87 -

4 1.2 1.2 2.94 130 -

5 1.5 0.5 1.23 54

6 1.5 0.5 1.23 54
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composite spheres.” The products, HGS/Fe;04-PANI
(sample 5), were isolated and washed with absolute ethanol
and distilled water until the washed liquid was transparent.
In comparison, as shown in Fig. 1b, HGS/PANI-Fe;0,
(sample 6), were synthesized by depositing Fe;O, nano-
particles on HGS/PANI via electrostatic adsorption.

Characterization

Scanning electron microscopy (SEM) measurement and
energy-dispersive X-ray (EDX) analysis were performed
with a Jcxa-733 instrument operated at an accelerating
voltage of 20 kV and a FEI Quanta 200F instrument. PANI
contents of the composites were determined by thermo-
gravimetric analysis (TGA and DTA: Netzsch STA 449 C)
in the temperature range of 30-800 °C in flowing air at a
heating rate 10 °C/min. FTIR spectra were recorded on a
Thermo Nicolet Nexus 670 spectrometer with samples
pressed into KBr pellets. Wide-angle X-ray powder scat-
tering (D/max-rB) was used to characterize the crystalline
phase of these materials. Conductivity measurement was
characterized by four point probes method (RTS-8).
A Vibrating-sample magnetometry (Lake Shore 7410
VSM) was used to characterize the magnetic property of
the magnetic spheres.

Results and discussion
The microstructure of the synthesized composites

In order to remove the impurity, HGS were treated with
0.5 M NaOH aqueous solutions and washed by ethanol and
distilled water before use. The morphologies of HGS were
investigated by SEM. As shown in Fig. 2a, the HGS pos-
sessed smooth surfaces and a diameter of 10—100 pm. The
composition of HGS was examined by EDX spectrum
(inset of Fig. 2a). The EDX spectrum revealed that the
HGS were mainly composed of O, Si, Na, and Ca, which
was consistent with reference [7]. Appearance of Pt ele-
ment was due to the materials sprayer by a layer of Pt for
EDX and SEM characterizations.

The in situ polymerization of aniline on HGS was
conducted according to the “Experimental section.”
Figure 2b—d (Sample 2—Sample 4) showed the typical SEM
images of HGS/PANI composites, which were synthesized
under the same condition except for the initial ratio of HGS
to aniline monomer for exploring its relationship with
electrical conductivity. Compared with the original HGS,
the surfaces of those composite hollow spheres were rough,
indicating that PANI had been deposited on the surfaces of
HGS successfully. It was shown from the cross-sectional
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Fig. 2 SEM images. a Hollow
Glass Spheres and inset EDX
analysis. b Sample 2 and inset
cross-section of PANI-layer and
HGS core of composite spheres.
¢ Sample 3 and inset the surface
morphology of composite
spheres. d Sample 4. ¢ SEM
image and EDX result (inset) of
PDDA modified HGS/Fe;0,. f a
magnified SEM image. g SEM
image and EDX result (inset) of
blank HGS/Fe;04. h a
magnified SEM image

123456728910

keV

SEM image (inset in Fig. 2b) that the thickness of PANI  accurately. It also can be observed that the smaller the HGS
layer was about 10°~10° nm order of magnitude. However, ~ were, the rougher the surfaces of composite spheres
owing to the large amount of composite spheres, it was  became. Figure 2b—d further revealed that with the increase
difficult to calculate the thickness of PANI layer  of PANI to HGS ratio, PANI may aggregate in bulk rather
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than continuing to grow on the HGS/PANI surfaces. This
suggested that the loading amount of PANI onto HGS had
a maximum.

For preparing lightweight composite spheres with both
conductive and magnetic properties, two routes were
applied by changing the sequences of incorporating Fe;0,
nanoparticles in the composites. The detailed preparation
process was specified in “Experimental section” and
described in Fig. 1. The addition of Fe;O4 nanoparticles
into PANI system will decrease the electrical conductivity
of the composites due to the de-doped caused by in situ
growth of Fe;0,4 on PANI core under alkali solution or the
prohibited conductive pathway by Fe;O, nanoparticles in
the outer layer of PANI [19, 25]. In order to reduce the
negative effects, the authors proposed a HGS/Fe;04-PANI
structure (Sample 5) to promote a more continuous PANI
network to form in the outmost layer of the composite. As
described in schematic drawing of Fig. la, the SDBS
modified Fe;O, nanoparticles were deposited on PDDA
modified HGS by electrostatic adsorption. The polyelec-
trolyte modification on HGS was favorable for adsorption
of Fe;04. The effect was illustrated by comparing the
deposition of Fe;O, nanoparticles on blank HGS and
PDDA modified HGS. SEM and EDX results confirmed
that Fe;O4 nanoparticles were more inclined to be depos-
ited on PDDA modified HGS than on blank HGS. EDX

result (inset of Fig. 2e) showed that Fe element was tested
in PDDA modified HGS/Fe;O,. However, the inset of
Fig. 2g certified that Fe content was too little to be
examined in blank HGS/Fe3;0,4. The magnified SEM ima-
ges of Fig. 2f, h showed that Fe;O, nanoparticles were
densely deposited on PDDA modified HGS, but they were
sparsely dispersed on blank HGS. This study presented
showed that the Fe;O, contents could be tuned by modi-
fying the HGS.

As shown in Fig. la, the assembly of PDDA and then
PSS on HGS/Fe;0,4 was conducted to form a negatively
charged surface with sulfonic groups which could promote
the adsorption of ANI monomer and an in situ polymeri-
zation finally [26, 27]. HGS/PANI-Fe;0, (Sample 6) was
prepared as comparison according to Fig. 1b.

Figure 3a—d showed the SEM images of Sample 5 and
Sample 6, respectively. The magnified SEM images in
Fig. 3b, d indicated that the surface microstructures were
different for Sample 5 and Sample 6 due to the different
components of the outmost layers. Though the character-
istic peaks of Fe were barely observed in EDX spectra, the
selected element compositions calculated by the EDX
analyses confirmed the existence of Fe element in Sample 5
and Sample 6. The contents of PANI on Sample 5 and
Sample 6 were 24.5 and 13.3 wt%, respectively, according
to TGA results.

Fig. 3 a SEM image of Sample 5. b An enlarged SEM image of Sample 5. ¢ SEM image of Sample 6. d An enlarged SEM image of Sample 6
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Photographs shown in Fig. 4 demonstrated that the
synthesized composites had a lower density than water and
responded quickly to the external magnetic field (inset).
If magnetic field were removed, the composite spheres
would quickly rise to the water surface. Further, the
phenomenon that the composite spheres can float on the
surface of water confirmed that they were lightweight with
density much lower than that of Fe;0, of 5.2 g/cm’.

The structural properties studied by FTIR and XRD

The FTIR adsorption spectra for HGS, Sample 3, and
Sample 5 were shown in Fig. 5. The adsorption peaks at
1100, 800, and 470 cm~! were characteristic features of
Si—O-Si bonds (curve a in Fig. 5) [28]. The characteristic
bands of PANI polymeric chain, e.g., quinoid C=C
stretching deformation at 1576 cm_l, benzenoid rings at
1493 cm™', and the C-N stretching of the secondary aro-
matic amine at 1301 cm ™' were observed. In addition, the
aromatic C-H in plane bending peak moved to 1128 cm™'
and were broadened due to overlapping with Si—O-Si
adsorption around 1100 cm™~! [29].

The XRD patterns of HGS, Sample 3, Sample 5, Sample
6, and bulk Fe;O,4 nanoparticles were displayed in Fig. 6.
A broad band at 26 value of 20° can be attributed to
amorphous SiO, phase in HGS (curve a) [7]. In curve b, ¢
and d, the diffraction at 20 of 20° became sharper than that
of curve a because PANI diffraction peak overlapped with
that of SiO,. The peak centered at 20 value around 20° in
curve b was slightly sharper than those in curve ¢ and d.
Curve e in Fig. 6 showed that the diffraction peaks at 20
values of 30.1°, 35.5°, 43.1°, 53.5°, 57.1° and 62.7° can be
attributed to the Bragg reflections from (220), (311), (400),
(422), (511), and (440) of Fe30y, respectively [30]. The as-
synthesized Fe;O4 nanoparticles possessed an average

Fig. 4 Photographs showed that the composite spheres (Sample 5)
floated on water and were trapped by a magnet (inset picture)
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e Fe;04 nanoparticles

crystalline size at the order of magnitude of 10' nm esti-
mated from Scherrer equation. The characteristic peaks of
magnetic Fe;O, were observed in curve ¢ and d, which
confirmed that the as-synthesized Fe;O, nanoparticles had
been incorporated into the composite spheres effectively.

Electrical and magnetic properties

The conductivity and magnetization of the synthesized
samples were listed in Table 2. As expected, the electrical
conductivity increased from 1.3 x 1072 S/cm to 2.8 x
1072 S/cm and 4.4 x 1072 S/cm with decreasing the ini-
tial ratios of HGS to ANI monomers (g/mL) from 1.2/0.4
(Sample 2) to 1.2/0.8 (Sample 3) and 1.2/1.2 (Sample 4).
The bulk PANI (Sample 1) synthesized with the same
reaction parameters had conductivity of 0.5 S/cm.
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Table 2 Conductivity and magnetization

Sample Conductivity (S/cm) Magnetization (emu/g)
1 5.0 x 107! -

2 1.3 x 1072 -

3 2.8 x 1072 -

4 4.4 x 1072 -

5% 54 x 1073 9.25

6° 1.1 x 107 2.61

* 24.5 wt% PANI on Sample 5
° 13.3 wt% PANI on Sample 6

The electrical conductivity of Sample 5 (5.4 x 107> S/
cm) was higher than that of Sample 6 (1.1 x 10~* S/cm)
due to the different deposition orders of Fe;O, and PANI
layers. The lower electrical conductivity of Sample 6
should be attributed to the negative effects of outer layer
magnetic nanoparticles on forming continuous PANI phase
and prohibiting conductive pathway. Compared with the
original HGS/PANI composites (Sample 2) with the same
initial ratio of HGS to ANI, Sample 5 and Sample 6 had
lower conductivity, which was consistent with other
researches [17, 19].

From Fig. 7, it was observed that the saturated magneti-
zation of Sample 5 and Sample 6 were 9.25 and 2.61 emu/g,
respectively. Neither coercivity nor remnant magnetization
in Sample 5 and Sample 6 was observed, indicating super-
paramagnetic particles were deposited on HGS. The lower
contents of magnetic nanoparticles in the composite hollow
spheres compared to the bulk magnetite should be the
major reason of the decreasing saturation magnetiza-
tions [16].
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Fig. 7 Magnetic properties of Sample 5 (curve a) and Sample 6
(curve b)

Conclusions

In summary, the lightweight, conductive, and magnetic
composite hollow spheres were prepared by controllable
deposition of Fe;0, and polyaniline (PANI) on HGS. The
results demonstrated that the conductivity of HGS/PANI
composites could be tuned from 1.3 x 1072 S/cm to
4.4 x 1072 S/cm by changing the initial ratio of HGS to
ANI monomers. The different deposition order of PANI and
Fe;04 layers on HGS led to the variant conductive and
magnetic properties. The conductivity and magnetization of
HGS/Fe;0,-PANI were 5.4 x 107> S/cm and 9.25 emu/g,
respectively, which were more than those of HGS/PANI-
Fe;0,4 of 1.1 x 107* S/cm and 2.61 emu/g. The low-den-
sity and multifunctional properties of the composite spheres
make them promising for applications as functional fillers,
microwave absorber, and electronic materials.

Acknowledgements This study was supported by the NSF of China
(51003020), and the Natural Scientific Research Innovation Founda-
tion in Harbin Institute of Technology (HIT.NSRIF.2009124).

References

1. Rupali G, Amitabha D (2000) Chem Mater 12:608
2. Phang SW, Tadokoro M, Watanabe J, Kuramoto N (2009) Polym
Adv Technol 20:550
3. Feng X, Mao C, Yang G, Hou W, Zhu J-J (2006) Langmuir
22:4384
4. Chen Q, Zhao L, Li C, Shi G (2007) J Phys Chem C 111:18392
5. Caruso F, Spasova M, Susha A, Giersig M, Caruso RA (2001)
Chem Mater 13:109
6. Salgueirifio-Maceira V, Correa-Duarte MA (2007) Adv Mater
19:4131
7. An Z, Zhang J, Pan S (2009) Dalton Trans 3664
. Chiang J-C, Macdiarmid AG (1986) Synth Met 13:193
9. Stejskal J, Sapurina I, Trchova M, Konyushenko EN (2008)
Macromolecules 41:3530
10. Hong RY, Feng B, Liu G, Wang S, Li HZ, Ding JM, Zheng Y,
Wei DG (2009) J Alloy Compd 476:612
11. Huang Z, Tang F (2004) J Colloid Interface Sci 275:142
12. Mohapatra S, Pramanik N, Mukherjee S, Ghosh SK, Pramanik P
(2007) J Mater Sci 42:7566. doi:10.1007/s10853-007-1597-7
13. Cheng Y, Tan R, Wang W, Guo Y, Cui P, Song W (2010) J Mater
Sci 45:5347. doi:10.1007/s10853-010-4583-4
14. Qiu G, Wang Q, Nie M (2006) J Appl Polym Sci 102:2107
15. Lee H-Y, Pwei S-P, Wang L, Chen P-H (2008) Mater Chem Phys
112:805
16. Yang C, Li H, Xiong D, Cao Z (2009) React Funct Polym 69:137
17. Wang X, Tang S, Liu J, He Z, An L, Zhang C, Hao J, Feng W
(2009) J Nanopart Res 11:923
18. Kong L, Lu X, Jin E, Jiang S, Bian X, Zhang W, Wang C (2009)
J Solid State Chem 182:2081
19. Wang X, Liu J, Feng X, Guo M, Sun D (2008) Mater Chem Phys
112:319
20. Rohatgi PK, Matsunaga T, Gupta N (2009) J Mater Sci 44:1485.
doi:10.1007/s10853-008-3165-1
21. Mcbride SP, Shukla A, Bose A (2002) J Mater Sci 37:4217.
doi:10.1023/A:1020056407402

(o]

@ Springer


http://dx.doi.org/10.1007/s10853-007-1597-7
http://dx.doi.org/10.1007/s10853-010-4583-4
http://dx.doi.org/10.1007/s10853-008-3165-1
http://dx.doi.org/10.1023/A:1020056407402

2962

J Mater Sci (2011) 46:2955-2962

22.

23.

24.

25.
26.

Chalivendra VB, Shukla A, Bose A, Parameswaran V (2003)
J Mater Sci 38:1631. doi:10.1023/A:1023203121299

Koopman M, Chawla KK, Ricci W, Carlisle K, Gladsyz GM,
Lalor M, Jones ML, Kerr K, George MP, Gouadec G, Tournié A
(2009) J Mater Sci 44:1435. doi:10.1007/s10853-008-2963-9
Chen L, Xu Z, Dai H, Zhang S (2010) J Alloy Compd 497:221
Zhang ZM, Wan MX (2003) Synth Met 132:205

Ding S-J, Zhang C-L, Yang M, Qu X-Z, Lu Y-F, Yang Z-Z
(2006) Polymer 47:8360

@ Springer

217.

28.

29.

30.

Yang M, Ma J, Zhang C, Yang Z, Lu Y (2005) Angew Chem Int
Ed 44:6727

Zhou B, Shen J, Wu Y, Wu G, Ni X (2007) Mater Sci Eng C
27:1291

Ding H, Shen J, Wan M, Chen Z (2008) Macromol Chem Phys
209:864

Wang J, Chen Q, Zeng C, Hou B (2004) Adv Mater 16:137


http://dx.doi.org/10.1023/A:1023203121299
http://dx.doi.org/10.1007/s10853-008-2963-9

	Lightweight glass/Fe3O4-polyaniline composite hollow spheres with conductive and magnetic properties
	Abstract
	Introduction
	Experimental section
	Synthesis
	Raw materials
	Preparation of Fe3O4 nanoparticles
	Preparation of HGS/PANI composite spheres
	Preparation of HGS/Fe3O4-PANI and HGS/PANI-Fe3O4 composite spheres

	Characterization

	Results and discussion
	The microstructure of the synthesized composites
	The structural properties studied by FTIR and XRD
	Electrical and magnetic properties

	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


