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Abstract Gamma ray-induced polymerization of butyl acrylate (BA) and acry-
lonitrile (AN) was carried out at room temperature in a microemulsion with high
monomer content stabilized by a mixture of sodium of 12-acryloxy-9-octadecenoic
acid (AOA) and sodium dodecyl sulfate (SDS) at a weight ratio of 4. Special
Y-shaped structure of AOA promotes the efficiency of monomer solubilization and
gamma ray radiation contributes to the stability of microemulsion during the
polymerization process. Microlatexes were characterized by dynamic light scat-
tering (DLS) and scanning electron microscopy (SEM). Results showed that
microlatex particles with a narrow size distribution were obtained. The effects of
monomer composition, dose rate, monomer concentration, and surfactant concen-
tration on the microlatexes are discussed.

Keywords Microemulsion polymerization - Gamma ray radiation -
High monomer content - Butyl acrylate - Acrylonitrile

Introduction

Microemulsions are transparent liquid systems consisting of at least ternary mixtures
of oil, water, and surfactant. Sometimes a cosurfactant is needed for the formation of
a thermodynamically stable microemulsion. Because of their well-defined nature,
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microemulsions have been used as potential media for polymerization to prepare
well-defined polymeric microlatexes in the size range 10—100 nm which are not
easily obtained from other systems [1]. The polymerized microlatexes in view of
their immense potential in industrial and pharmaceutical applications are expected to
be environmentally friendly, nontoxic, and biodegradable.

Microemulsion polymerization has been quite actively studied since the first
reports [2]. However, two main drawbacks limit its broad applications: (1) a high
surfactant-to-monomer ratio, usually larger than 1, and (2) a low monomer
concentration with respect to water (low polymer content of the final latexes),
usually less than 10 wt%. Consequently, efforts have been undertaken to obtain
microlatexes containing higher polymer contents with lower surfactant dosage,
which can be subdivided into two different approaches. The first way is to search
more effective surfactant systems that are able to solubilize the larger amount of
monomer or to improve the polymer content in the conventional microemulsion
polymerization. One of surfactant systems is to use special Y-shaped surfactants such
as sodium salts of 12-butinoyloxy-9-octadecenate (SBOA) [3] or 12-hexinoyloxy-9-
octadecenate (SHOA) [4] which allow the formulation of microemulsions with the
higher content of butyl acrylate and/or styrene, compared to non-branched
surfactants such as cetyltrimethylammonium bromide. The use of comonomers
which also act as cosurfactants in surfactant system is another alternative to improve
polymer content, but this method cannot decrease the amounts of surfactant [5-8].
The other approach is through some special methods to increase the amount of
polymer produced for a given amount of surfactant. It involves various semi-
continuous microemulsion polymerization techniques. Gan et al. [9] successfully
designed a new system termed Winsor I-like system, i.e., a pure monomer phase is
placed on the top of a ternary o/w microemulsion, to polymerize styrene up to
15 wt% using only about 1 wt% surfactant. The author also polymerized methyl
methacrylate in Winsor I-like system and produced a relatively high weight ratio
(8:1) of polymer to surfactant [10]. Xu et al. [11, 12] firstly demonstrated the seeded
microemulsion polymerization of butyl acrylate and styrene with gamma ray. Ming
et al. [13—15] prepared microlatexes from styrene, methyl methacrylate, and butyl
acrylate using modified microemulsion polymerization which is to directly add
monomer dropwise to a pre-polymerized microemulsion. He et al. [16, 17]
synthesized polymer nanoparticles by adding monomer in a differential manner
into a preheated mixture containing a designed amount of initiator, surfactant, and
deionized water.

The present article is concerned with microemulsion polymerization of butyl
acrylate and acrylonitrile. Understanding the copolymerization behavior in micro-
emulsion was the main subject of many reports [18-20]. In our study, we aimed at
the preparation of stable, transparent butyl acrylate—acrylonitrile copolymer
microlatexes by batch microemulsion polymerization with high monomer content.
A polymerizable anionic surfactant, sodium of 12-acryloxy-9-octadecenoic acid
(AOA) with a special Y-shaped structure, instead of the usual aliphatic alcohols
combined with SDS was used to form a microemulsion with higher monomer
content. The advantage of this approach is that the polymerizable surfactant with a
higher emulsifying efficiency can be incorporated in the final polymer to improve
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the polymer content in the microlatex. Microlatexes particles with a narrow size
distribution were obtained via gamma ray-induced batch microemulsion polymer-
ization at room temperature.

Experimental
Materials

A Y-shaped AOA was used as received from USTC ChuangXing Co., LTD.
(China). Sodium hydroxide (NaOH), sodium dodecyl sulfate (SDS), butyl acrylate
(BA), and acrylonitrile (AN) were used as received from Shanghai Chemical
Reagent Co. (China). BA and AN monomers were purified by distillation under
reduced pressure before use. Deionized (DI) water was used for all experiments.

Preparation and polymerization of microemulsion

At first, AOA and SDS were added in the deionized water. Then the aqueous
solution of NaOH (1 M) was dropped into the mixture to adjust the pH value to 8.0
and obtain a clear solution. A transparent monomer microemulsion was formed by
adding mixture of BA and AN into the clear solution with agitating slowly at room
temperature by a magnetic stirrer.

Before polymerization, nitrogen with high purity was bubbled slowly through the
microemulsion at room temperature for about 15 min to get rid of oxygen. After
that, the samples were irradiated in the field of ®°Co y-ray source at ambient
temperature. The dose rate was detected by Fricke (FeSO,) dosimeter. To achieve
complete conversion, each sample was subjected to a radiation dose of about 16
KGy.

Characterization methods

To obtain microemulsions with maximum monomer content, aqueous solutions of
surfactant system with different concentrations were prepared. The single phase
regions of the microemulsions were determined visually from their transparency
by titrating monomer into the aqueous surfactant solution in screw-capped glass
tubes.

The size and size distribution of polymer microlatexes were measured by
dynamic light scattering (DLS) carried out on a Malvern Zetasizer Nano ZS90 with
a He—Ne laser (633 nm) and 90° collecting optics. Before measuring, the latex was
diluted to 100-150 times to minimize the interaction between the particles. The data
were analyzed by Malvern Dispersion Technology Software 4.20. The number of

particles per milliliter of water was computed from the following relationship:
_ OMpyyx
= ——

np,Dp?
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where M., is the initial monomer-to-water ratio (g/mL), x is the fractional
conversion, p, is the density of microlatex particles, and D, (cm) is the average
diameter of the particles.

The particles’ sizes of microlatexes were also estimated from scanning electron
microscope (SEM) on a JEOL JSM-6700 field-emission scanning electron
microanalyzer.

The copolymers resulted from microemulsion polymerization were isolated by
the solvent precipitation method using methanol as a precipitating solvent, washed
several times with water to ensure complete removal of surfactant, and dried under
vacuum until a constant weight was obtained. The infrared spectrum (IR) was
recorded with VECTOR22 FT-IR. A Shimadzu DSC-60 differential scanning
calorimeter (DSC) was used to measure the glass transition temperature (7,) of the
copolymers. The scan was performed at a heating rate of 10 °C/min under argon
atmosphere.

Results and discussion
Formation and polymerization of high monomer content microemulsion

The microemulsion stabilized by SDS often needed the alcohol as cosurfactant and
resulted in very lower polymer content microlatexes with a large amount of
surfactant or cosurfactant. In our previous works, a high efficient surfactant system
has been developed, in which a special Y-type polymerizable surfactant, sodium of
AOA, instead of the usual aliphatic alcohols was combined with SDS to form
microemulsions of butyl acrylate [21] or methyl methacrylate [22] with higher
monomer content. In this article, we attempted to use the high efficient surfactant
system to perform microemulsion copolymerization of butyl acrylate and acrylo-
nitrile with high monomer content. To improve polymer content in the resulted
microlatexes, we chose the mixture of AOA and SDS with a weight ratio ~4 as
surfactant system to form microemulsions.

Microemulsions of BA and AN with different weight ratio were formed using the
mixture of AOA and SDS with a weight ratio ~4 as surfactant system. Table 1
shows the characteristics of the microemulsions with maximum monomer content

Table 1 Characteristics of microlatexes produced by microemulsion polymerization of BA and AN at
different weight ratio with maximum monomer content under gamma ray at a dose rate of 88.7 Gy/min

Run BA/AN Monomer Surfactant Appearance D, (nm) PSD
(w/w) (Wt%) (Wt%)

Before polymerization After polymerization

1 32.2 6.8 Transparent, fluid Bluish, transparent 56.8 0.027
2 2 34.6 6.5 Transparent, fluid Bluish, transparent 62.9 0.027
3 37.0 6.3 Transparent, fluid Bluish, transparent 54.5 0.032
4 0.5 37.5 6.3 Transparent, fluid Bluish, transparent 59.6 0.037
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before or after polymerization. It was found that the surfactant system of AOA and
SDS with weight ratio ~4 was effective for producing microemulsions with high
monomer content. The maximum solubilized monomer content in microemulsion
increases when the weight ratio of BA to AN decreases from 4 to 0.5. In this study,
y-ray radiation was used to initiate the microemulsion polymerization. In
comparison with the thermal decomposition of chemical initiators, radiation-
induced polymerization can be controlled more easily because of the homoge-
neously penetrating through the sample and the independence of temperature. Also,
no additional component is introduced in the system which might influence the
phase behavior [23]. After polymerization, all microemulsions became stable,
bluish-transparent microlatexes. From the Table 1, we can also see that all the
resulted microlatexes have a narrow size distribution. The possible reason is that
the used polymerizable surfactant AOA has an advantage over nonpolymerizable
cosurfactants since the templating effect of the amphiphilic interface may be better
preserved during polymerization [24].

The particle size was further confirmed by SEM. One of the resulting images
(Run 3) is shown in Fig. 1. The number average diameter of the particles (Run 3) is
about 52 nm in Fig. 1, which corresponds well to the result as measured by dynamic
light scattering method. The particle size distribution is also rather narrow from the
Fig. 1.

Effect of monomer composition on the microlatexes

In order to investigate the effect of monomer composition on the resulted
microlatexes, we fixed the concentration of monomer and surfactant but just
changed the weight ratio of BA to AN in microemulsion. The detailed formulations
are listed in the Table 2. It was found that formed microemulsions of BA and AN

Fig. 1 SEM images of Run 3 (Table 1) microlatex particles
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Table 2 Effect of monomer composition on the characteristics of microlatexes produced by micro-
emulsion polymerization under gamma ray at a dose rate of 88.7 Gy/min

Run BA/AN Monomer Surfactant Appearance D, (nm) PSD
(w/w) (Wt%) (Wt%)

Before polymerization After polymerization

5 31.0 6.9 Transparent, fluid Bluish, transparent 53.3 0.064
6 2 31.0 6.9 Transparent, fluid Bluish, transparent 53.6 0.049
7 31.0 6.9 Transparent, fluid Bluish, transparent 49.7 0.041
8 0.5 31.0 6.9 Transparent, fluid Bluish, transparent 50.1 0.040

with different weight ratio kept transparent before or after polymerization and the
particle size of resulted microlatexes did not change evidently with the variation of
weight ratio of BA to AN. All the microlatexes have a narrow size distribution.

The IR spectra of the microlatexes are shown in Fig. 2. The stretching vibrations
due to the nitrile group of AN appear at 2,241 cm™', and the stretching vibrations
due to the carbonyl group of BA appear near 1,731 cm™'. The glass transition
temperatures of the copolymers were determined from DSC. The determined values
of the glass transition temperature lie between those of pure poly(butyl acrylate)
(=56 °C) and polyacrylonitrile (105 °C). The variation of glass transition temper-
ature of the copolymers with composition is shown in Fig. 3. It is found that T,
value increases with the increase of the weight fraction of acrylonitrile in the feed.
The DSC scan was performed from —105 to 150 °C to rule out the possibility of any
homopolymer formation. The presence of such a single value for the T, may suggest
that a random copolymer is formed in conformity with the reactivity ratio values
and the general observations [25].
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Fig. 2 IR spectra of butyl acrylate—acrylonitrile copolymers with different weight ratio of butyl acrylate

to acrylonitrile: (a) 4, (b) 2, (¢) 1, (d) 0.5
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Fig. 3 Variation of the glass transition temperature of butyl acrylate—acrylonitrile copolymers with
composition

Effect of dose rate on the particle size

In the radiation-induced microemulsion polymerization process, radiation dose rate
corresponds to the concentration of initiator. In order to investigate the effect of
dose rate on the particle size of resulted microlatexes, we carried out microemulsion
polymerization of BA and AN at a weight ratio of 1 at different dose rate. The effect
of dose rate on particle size and particle number is shown in Fig. 4. It is found that
the particle size decreased from 52.1 to 43.7 nm when the dose rate increased from
15.2 to 88.7 Gy/min. Because the parent microemulsion is the same, the number of
the initial monomer-swollen micelles should be about the same. At larger dose rate
the free radical flux is larger, which helps more monomer-swollen micelles become
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Fig. 4 Effect of dose rate on the particle diameter and number (Monomer concentration: 25.0 wt%; total
surfactant concentration: 7.5 wt%; dose: 16 kGy)
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particles by capturing radical during polymerization process for a certain micro-
emulsion system. Finally, a larger dose rate corresponds to a larger number of
particles with a smaller average diameter in the resulted microlatex.

Effect of solubilized monomer content on the particle size

Figure 5 shows the effect of solubilized monomer content in microemulsion of BA
and AN at a weight ratio of 1 on particle size and particle number. The particle size
increases from 26.4 to 54.5 nm when the solublized monomer content increases
from 15 to 37 wt%. When the surfactant concentration in water keeps constant,
while the content of solubilized monomer increases, the size of monomer-swollen
micelles increases and probability of collision among the formed particles becomes
higher, which results in a smaller number of particles and hence the size of particles
becomes larger.

Effect of surfactant concentration on the particle size

Surfactant concentration is a key factor for the microemulsion polymerization. In
order to investigate the effect of surfactant concentration on particles size and
particle number, we conducted microemulsion polymerization with different
surfactant concentrations at a fixed monomer content with BA and AN at a weight
ratio of 1. The results are showed in Fig. 6. It is found that particles size decreases
with the increase of surfactant concentration. The number of monomer-swollen
micelles increases with increasing surfactant concentration, and the sizes of the
micelles may decrease slightly because of a decreasing amount of monomer per
micelle at a fixed monomer concentration, which enhance the probability of radical
capture by the monomer-swollen micelles. Finally, a larger number of particles are
formed with the increase of surfactant concentration, as the result smaller particle
sizes are obtained in the resulted microlatex.
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Fig. 5 Effect of solubilized monomer content on the particle diameter and number. (Weight ratio of total
surfactant to water: 10/90; dose rate: 88.7 Gy/min; dose: 16 kGy)
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Fig. 6 Effect of surfactant concentration on the particle diameter and number (Monomer content:
20 wt%; dose rate: 88.7 Gy/min; dose: 16 kGy)

Conclusion

Stable transparent poly(butyl acrylate-co-acrylonitrile) microlatexes can be obtained
from microemulsions composed of monomer with different composition, a mixture
of AOA and SDS at a weight ratio of 4, and water at higher monomer content with a
lower SDS amount. The use of special Y-type AOA and gamma ray radiation is
believed to play an important role in batch microemulsion polymerization. IR and
DSC results show the formation of random copolymers of BA and AN. Microlatex
particles have a narrow size distribution from the DLS and SEM results. The
particle size of microlatex increases from 26.4 to 54.5 nm when the solublized
monomer content increases from 15 to 37 wt%. Particle size decreases with the
increase of dose rate and surfactant concentration.

Acknowledgments Support of the Program of Ma’anshan Scientific and Technological Bureau
(2008-11), the Research Fund for the Returned Overseas Talents of Anhui Province (2006Z041),
Development Program of China (863 program, 2009AA03Z529) and the Program for New Century
Excellent Talents in University of China (NCET-06-0556) is gratefully acknowledged.

References

1. Gan LM, Chow PY (2005) Microemulsion polymerizations and reactions. Adv Polym Sci 175:257

2. Stoffer JO, Bone T (1980) Polymerization in oil-in-water microemulsion systems—1. J Polym Sci
Polym Chem Ed 18:2641

3. Xu XL, Zhang ZC, Zhang MW (1996) Microemulsion polymerization of butyl acrylate initiated by
gamma rays. J Appl Polym Sci 62:1179

4. Xu XL, Zhang ZC, Wu HK, Ge XW, Zhang MW (1998) Polymerization of styrene in anionic
microemulsion with high monomer content. Polymer 39:5245

5. David G, Ozer F, Simionescu BC, Zareie H, Piskin E (2002) Microemulsion photopolymerization of
methacrylates stabilized with sodium dodecyl sulfate and poly(N-acetylethylenimine) macromono-
mers. Eur Polym J 38:73

6. Babag C, Giiven G, David G, Simionescu BC, Piskin E (2004) Production of nanoparticles of methyl
methacrylate and butyl methacrylate copolymers by microemulsion polymerization in the presence of

@ Springer



608 Polym. Bull. (2011) 66:599-608

maleic acid terminated poly(N-acetylethylenimine) macromonomers as cosurfactant. Eur Polym J
40:1947
7. Gaspar LIM, Baskar G (2006) Glycine derived polymerizable cosurfactant in the synthesis of
functionalized poly(butyl acrylate) nanolatexes. Biomacromolecules 7:1318
8. Larpent C, Bernard E, Richard J, Vaslin S (1997) Polymerization in microemulsions with poly-
merizable cosurfactants: a route to highly functionalized nanoparticles. Macromolecules 30:354
9. Gan LM, Lian N, Chew CH, Li GZ (1994) Polymerization of styrene in a Winsor I-like system.
Langmuir 10:2197
10. Loh SE, Gan LM, Chew CH, Ng SC (1996) Polymerization of methyl methacrylate in Wision I-like
system. J Macromol Sci Pure Appl Chem A33:371
11. Xu XL, Ge XW, Yin YD, Zhang ZC, Zou J, Niu AZ (1998) Seeded microemulsion polymerization of
butyl acrylate. J Polym Sci Polym Chem Ed 36:2631
12. Xu XL, Zhang ZC, Wu X, Ge XW, Zuo J, Niu AZ (1998) Microemulsion seeded polymerization of
styrene. Chem J Chin Univ 19:1166
13. Ming W, Jones FN, Fu SK (1998) Synthesis of nanosize poly(methyl methacrylate) microlatexes with
high polymer content by a modified microemulsion polymerization. Polym Bull 40:749
14. Ming W, Jones FN, Fu SK (1998) High solids-content nanosize polymer latexes made by micro-
emulsion polymerization. Macromol Chem Phys 199:1075
15. Ming W, Zhao Y, Cui J, Fu S, Jones FN (1999) Formation of irreversible nearly transparent physical
polymeric hydrogels during a modified microemulsion polymerization. Macromolecules 32:528
16. He GW, Pan QM, Rempel GL (2003) Synthesis of poly(methyl methacrylate) nanosize particles by
differential microemulsion polymerization. Macromol Rapid Commun 24:585
17. He GW, Pan QM (2004) Synthesis of polystyrene and polystyrene/poly(methyl methacrylate)
nanoparticles. Macromol Rapid Commun 25:1545
18. Capek I, Juranicova V (1996) On the kinetics of microemulsion copolymerization of butyl acrylate
and acrylonitrile. J Polym Sci Polym Chem Ed 34:575
19. Capek I, Juranicova V (1999) Effect of stable radicals on the mechanism of microemulsion radical
copolymerization of butyl acrylate and acrylonitrile. Eur Polym J 35:691
20. Pokhriyal NK, Devi S (2000) Effect of water solubility of monomer on reaction kinetics in oil-water
microemulsion copolymerization. Eur Polym J 36:333
21. Chen J, Zhang ZC (2007) High monomer content batch microemulsion polymerization of butyl
acrylate initiated with gamma ray. Radit Phys Chem 76:852
22. Chen J, Zhang ZC (2007) Radiation-induced polymerization of methyl methacrylate in micro-
emulsion with high monomer content. Eur Polym J 43:1188
23. Dreja M, Tieke B (1998) Polymerization of styrene in ternary microemulsion using cationic gemini
surfactants. Langmuir 14:800
24. Xu XJ, Siow KS, Wong MK, Gan LM (2001) Microemulsion polymerization of styrene using a
polymerizable nonionic surfactant and a cationic surfactant. Colloid Polym Sci 279:879
25. Suresh KI, Sitaramam BS, Raju KVSN (2003) Effect of copolymer composition on the dynamic
mechanical and thermal behaviour of butyl acrylate—acrylonitrile copolymers. Macromol Mater Eng
288:980

@ Springer



	High monomer content batch microemulsion polymerization of butyl acrylate and acrylonitrile initiated with gamma ray
	Abstract
	Introduction
	Experimental
	Materials
	Preparation and polymerization of microemulsion
	Characterization methods

	Results and discussion
	Formation and polymerization of high monomer content microemulsion
	Effect of monomer composition on the microlatexes
	Effect of dose rate on the particle size
	Effect of solubilized monomer content on the particle size
	Effect of surfactant concentration on the particle size

	Conclusion
	Acknowledgments
	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


