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Abstract In order to enhance the thermal conductivity of
MWCNT filled poly(dimethyl siloxane) (PDMS) compos-
ites, the MWCNT was coated with silica layer by three step
reactions. The composites filled with raw and silica-coated
MWCNTs were prepared and the properties were investi-
gated in terms of the curing characteristics, mechanical
properties, and thermal conductivity. Due to the poor
compatibility between raw MWCNT and PDMS, raw
MWCNT showed poor dispersion uniformity and wetta-
bility in PDMS. On the other hand, due to the chemical
affinity between silica/MWCNT and PDMS throughout the
hydrogen bonding, the silica-coated MWCNT filled PDMS
showed improved mechanical properties in terms of tensile
strength and 100% modulus, and good interfacial com-
patibility than raw MWCNT incorporated PDMS. Finally,
the good wettability of silica/MWCNT in PDMS resulted
in higher thermal conductivity caused from the facile
phonon movement at the interface even with the smaller
MWCNT contents.
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Introduction

Carbon nanotube (CNT) composites for enhanced properties
have been widely explored in materials science and engi-
neering, in which CNT is used as a reinforcing filler or
conducting filler. Since the CNT shows the extremely high
thermal and electrical conductivity, and mechanical
strength, a great attention has been paid to the application of
CNT in electronics [1-4]. As the electronic devices need
multifunction and high performance in a limited size, the
thermal management of products has become more impor-
tant. For example, a small difference in operating tempera-
ture in the order of 10-15 °C can result in a two-fold
reduction in the life time of a device [5]. CNT has the one-
dimensional unique structure, which enables the composites
filled with CNT to have low percolation threshold concen-
trations [6, 7]. By using this characteristics, CNT incorpo-
rated composites show the thermal conductivity
enhancement at low concentrations [8—10].

The improvement of thermal conductivity of polymer
composites has recently received much attention since they
are widely used in electronic packaging [11-13]. The
materials used to efficiently dissipate heat are referred as
thermal interface materials (TIM), which provide an
effective heat conduction path [14]. Various types of TIMs
are now present such as elastomeric thermal pads, thermal
greases, solders, and phase change materials [15]. Among
them, elastomeric thermal pads are most widely applied for
cooling power devices, such as chip sets and mobile pro-
cessors. And poly(dimethyl siloxane) (PDMS; silicone
rubber) is the most frequently adopted TIM matrix [16, 17]
due to its unique properties including a wide range of
service temperature, high flexibility, chemical resistance,
electrical insulating property, resistance to ozone and cor-
ona, and so on [18, 19].

@ Springer



298

J. Hong et al.

For PDMS, silica is an essential filler because it greatly
increases the mechanical property of PDMS caused by the
hydrogen bonding [20]. Hydroxyl groups in the silica
generate the hydrogen bonding with oxygen atoms in
PDMS main chains. Therefore, the addition of silica
together with CNT in PDMS is expected to optimize the
mechanical property and thermal/electrical conductivity.
The method for the synthesis of the silica layer on CNT has
been recently explored by our group [21, 22]. Silica on the
surface of CNT is expected to provide not only the
mechanical strength increment but also enhanced disper-
sibility of silica-coated CNT in the PDMS matrix by
superior wettability. By increasing the wettability between
the filler and matrix, phonon waves can easily move
through the interface between CNT and PDMS [23]. Ulti-
mately, the thermal conductivity of composites can be
increased.

Recently, we have published the effect of dispersion
uniformity of CNT in PDMS using a masterbatch technique
where the thermal conductivity was improved by about
10% compared to the poor dispersion using a conventional
compounding process [24]. However, carbon materials are
usually incompatible with PDMS. Therefore, in this work,
MWCNT was encapsulated with the silica layer for
imparting improved wettability between CNT and PDMS
matrix in order to investigate the effect on the thermal
conductivity of the PDMS/CNT composite. Finally, it was
found that the encapsulated silica layer significantly
assisted phonon wave transfer through the interface of
silica/MWCNT and PDMS by enhanced interaction.
Therefore, the thermal conductivity and mechanical prop-
erties were increased.

Experimental
Materials

Poly(dimethyl siloxane) (Mw = 674,000 g mol !,
0.1 mol% vinyl group) was supplied from KCC Co.
(Korea). MWCNT (Hanwha Nanotech Co. Ltd. (Korea))
synthesized via a chemical vapor deposition (CVD)
method has more than 95% purity. The diameter of
MWCNT was 10-50 nm and the length was 10-50 pm,
respectively. The aspect ratio was approximately 1,000.
For generating the hydroxyl groups on MWCNT,
potassium permanganate (KMnO,), methylene chloride,
and methanol were purchased from Samcheon Chemical
Co. Korea. Tetrapropyl ammonium bromide (TPABr) was
received from Aldrich. Acetic acid was purchased from
Duksan Chemical Co., Korea. For endowing the good
interactions between MWCNT and silica precursor, a silane
coupling agent, aminoethylaminopropyl trimethoxysilane
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(AEAPS) was purchased from Shin-Etsu Chemical Co.,
Japan. Ethanol, ammonium hydroxide (27% in water), and
tetraethylorthosilicate (TEOS) from Samchun Chemical
Co. were used for the fabrication of silica shell on
MWCNT.

Preparation of the composites

Surface modification of the pristine MWCNT by silica was
performed by three-step reactions [22]: (1) hydroxylation
of MWCNT by an oxidant, KMnQO,, with the aid a phase
transfer catalyst, TPABr, at room temperature, (2) coupling
reaction between the hydroxyl groups on MWCNT and
nitrogen containing AEAPS, and (3) sol-gel process of
TEOS on the surface of AEAPS-modified MWCNT. With
the high shear from two-roll mill, pristine and surface
modified MWCNT were dispersed within the PDMS
matrix. After the compounding process, roll milled PDMS
was cured at 170 °C for 10 min using 2,5-bis(tert-butyl-
peroxy)-2,5-dimethylhexane (DHBP, Akzo Nobel, The
Netherlands) as a curing agent.

Characterization

A scanning electron microscopy (SEM) (S-4300, Hitachi)
was used to observe the morphology of MWCNT and
prepared composites. Thermogravimetric analysis (TG)
was performed at a heating rate of 20 °C min~' under
atmospheric condition on TGA/SDTA 851. Thermal con-
ductivity of prepared silicone pads was measured using
QTM-500 (Kyoto electronics, Japan) and curing test was
performed by using rubber process analyzer (RPA 2000,
Alpha Technologies, USA) by following the ASTM
D6204-99. Mechanical test was performed on Instron

5569® with a crosshead speed of 50 mm min~".

Results and discussion

By following the process reported by our group [22],
MWCNT was successfully coated by the silica layer.
Discernible differences can be found from the SEM mor-
phology in Fig. 1. Silica shell on the MWCNT can be
identified in Fig. 1b. Raw MWCNT in Fig. la shows the
smooth surface compared with silica-coated MWCNT. The
surface hydroxyl groups developed by permanganate
together with a phase transfer catalyst, TPABr, are subse-
quently reacted with AEAPS to give amine group-termi-
nated MWCNT. The opulent basic amine groups on
modified MWCNT can activate acidic precursor (TEOS)
by acid—base interaction with an assist from a basic catalyst
(ammonium hydroxide). Due to the strong chemical
attraction, MWCNT was evenly coated with silica and the
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thickness of silica shell can be readily controlled by
adjusting the amounts of reagents. In TG thermograms as
shown in Fig. 2, the MWCNT is completely decomposed
above 700 °C under atmospheric condition and the silica is
stable above 800 °C [25]. Therefore, it is possible to
measure the amount of silica in silica-coated MWCNT
above 650 °C, which is about 80 wt%. It is noted that the
raw MWCNT started to decompose above 400 °C, while
the silica-coated MWCNT started to decompose from the
beginning of the experiment. The reason is because of the
decomposition of hydroxyl groups and silane coupling
agent attached for the fabrication of silica layer. Therefore,
during the TG analysis, these functional groups were
decomposed under 400 °C [22].

In order to investigate the dispersibility and the wetta-
bility of MWCNT in the PDMS matrix, the prepared
PDMS composite pads containing 0.5 phr pristine and
silica-coated MWCNT were cryogenically fractured and
the morphology of the cross section was examined. In
Fig. 3a, the MWCNT was observed out of matrix. Due to
the poor wettability between the PDMS and pristine
MWCNT, the protruded MWCNT appears at the cross
section. Also, MWCNT is not uniformly dispersed in
PDMS. On the other hand, silica-coated MWCNT is well
dispersed. More importantly, the bare surface of the
MWCNT is hardly observed. Due to the excellent wetta-
bility between silica layer and PDMS, the silica-coated
MWCNT is not pulled out. This result implies that the

Fig. 1 SEM microphotographs of a raw MWCNT and b MWCNT
with silica shell
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Fig. 2 TGA thermograms of (a) pristine MWCNT and () silica-
coated MWCNT

interfacial interaction would be good enough to give
enhanced thermal conductivity and mechanical properties.

Curing test of the raw and silica-coated MWCNT
incorporated PDMS was performed using the RPA2000®.
Each phr for the silica-coated MWCNT indicates the
amount of the sum of the silica and net MWCNT. In Fig. 4a,
the maximum torque of pristine MWCNT incorporated
PDMS increases from 2.6 to 3.4 dNm with the increment of

Fig. 3 SEM microphotograph of a 0.5 phr pristine MWCNT incorpo-
rated PDMS and b 0.5 phr silica-coated MWCNT incorporated PDMS
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the amount of MWCNT from 0.1 to 2.0 phr. Due to the
reinforcing effect of MWCNT on various polymer-based
nanocomposites [26, 27], the maximum torque of the
composite naturally increases. In the MWCNT incorporated
PDMS nanocomposites, the reversion is not observed for
prolonged time span because PDMS has excellent thermal
stability at high temperatures. Silica-coated MWCNT
incorporated PDMS shows a higher maximum torque at the
same MWCNT concentration attributed to the improved
reinforcement effect throughout hydrogen bonding between
silica layer on MWCNT and PDMS. Also, the scorch time
of the silica-coated MWCNT filled composites is shorter
than that of pristine MWCNT filled PDMS at the same
concentration of MWCNT. With improved interfacial
property, i.e., wettability, the heat supplied from the surface
of the composites can easily penetrate into the center of the
composite. Eventually, the temperature of the composite is
rapidly increased so that the crosslinking reaction starts fast,
resulting in the reduction in scorch time. Also, this result is
related to the fact that the silica-coated MWCNT has a
higher thermal conductivity.

The good wettability is necessary for the enhanced
mechanical properties of composites. Figure 5 shows the
tensile strength, elongation at break, and 100% modulus of
the composites filled with pristine and silica-coated
MWCNTs. Tensile strength of the composites increases with
increasing raw MWCNT and the opposite result is observed
for the silica-coated MWCNT since the stiffness of the
composites is greater as seen in the increase in 100% mod-
ulus due to the excellent reinforcing effect. Accordingly, the
elongation at break significantly is reduced for silica-coated
MWCNT filled PDMS due to the increased stiffness. These
phenomena are often obtained with strongly reinforcing
fillers in most polymer composites. Consequently, these
results suggest that the silica layer on the surface of the
MWCNT gives superior interactions with PDMS.

Thermal conductivity of the composites is represented in
Fig. 6. Thermal conductivities of both raw and silica-
coated MWCNTs filled PDMS composites are linearly
increased with the amount of MWCNT as expected. Zeng
et al. also reported the linear thermal conductance
enhancement of MWCNT-palmitic acid nanocomposite
with the low incorporation of MWCNT [28]. Herein, for
raw MWCNT incorporated PDMS, the thermal conduc-
tivity increases from 0.208 (0.1 phr) to 0.230 W m~' K™!
(2.0 phr). Although MWCNT has excellent thermal con-
ductivity about 3,000 W m~' K™', the result shows only
10% enhancement when 2 phr pristine MWCNT is added.
As the raw MWCNT aggregates in the PDMS matrix, it
gives poor dispersibility and prevents the percolation of
MWCNT in the matrix. Finally, the thermal conductivity of
the composite is lowered than expectation. It is noted that
the thermal conductivity of 0.1 phr MWCNT incorporated
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Fig. 4 Cure curves of 0.1, 0.5, 1.0, 1.5 and 2.0 phr. a Pristine
MWCNT incorporated MWCNT and b silica-coated MWCNT
incorporated PDMS at 170 °C

PDMS is expected to be 0.24 W m~' K~ [29] according
to a following thermal conductivity model;

Ke o fp KC/ Km
=ty S

m P+ X,
where ay is Kapiza radius. Also d, p, and f are the diameter,
aspect ratio (1000 for MWCNT), and volume fraction of
MWCNT, respectively.

When the silica-coated MWCNT is incorporated in the
PDMS matrix, thermal conductivity is greatly improved,
compared to that of raw MWCNT. For example, the thermal
conductivity of composites shows the 10% improvement at
0.1 phr silica-coated MWCNT. Thermal conductivity of
silica-coated MWOCNT incorporated PDMS is also
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Fig. 5 Tensile strength, elongation at break, and 100% modulus of
raw and silica-coated MWCNT incorporated PDMS with different
concentrations of MWCNT (solid: raw MWCNT, open: silica-coated
MWCNT)

increased as the amount of silica-coated MWCNT increases
since the net amounts of silica and MWCNT correspond-
ingly increase. In spite of the low thermal conductivity of
the amorphous silica around 1.3 W m~' K™, the thermal
conductivity of silica-coated MWCNT incorporated PDMS
shows the higher values than the raw MWCNT incorporated
PDMS, implying that the improved wettability is the major
factor to enhance the thermal conductivity of this system.
As the silica has good wettability and compatibility with
PDMS matrix, phonon waves easily pass through the
interface between silica/MWCNT and PDMS. As a result,
the thermal conductivity of the composites is increased for
the silica-coated MWCNT incorporated PDMS. It is noted
that the lower slope for the silica-coated MWCNT filled
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Fig. 6 Thermal conductivity of pristine MWCNT and silica-coated
MWCNT incorporated PDMS composites

PDMS is simply ascribed to the reduced net amount of
MWCNT in silica-coated MWCNT.

Conclusions

Surface modification of the pristine MWCNT by silica
layer was performed by three step reactions: (1) hydrox-
ylation of MWCNT by an oxidant with the aid a phase
transfer catalyst at room temperature in order to minimize
the structural damage of MWCNT, (2) coupling reaction
between the hydroxyl groups on MWCNT and amino
group containing silane coupling agent (AEAPS), and (3)
sol—gel process of TEOS on the surface of AEAPS-modi-
fied MWCNT. The surface modification of MWCNT by
silica was confirmed by SEM. TG analysis revealed that
silica content was about 80 wt%. After compounding with
PDMS, raw and silica-coated MWCNTs incorporated
PDMS composites were tested in terms of curing reaction,
interfacial property, mechanical properties, and thermal
conductivity. Due to the poor compatibility between carbon
atoms in MWCNT and silicon atoms in PDMS, raw
MWCNT showed poor dispersion uniformity and wetta-
bility in PDMS. On the other hand, due to the chemical
affinity between silica/MWCNT and PDMS throughout the
hydrogen bonding, the silica-coated MWCNT filled PDMS
showed improved mechanical properties in terms of tensile
strength and 100% modulus, and good interfacial com-
patibility than raw MWCNT incorporated PDMS. Ulti-
mately, the good wettability of silica/MWCNT in PDMS
resulted in higher thermal conductivity even at a smaller
net amount of MWCNT originating from the facile phonon
movement at the interface.

Acknowledgements This work was financially supported by Korea
Research Foundation (grant no.: KRF-2007-331-D00118).

References

1. Kuchibhatla SVNT, Karakoti AS, Bera D, Seal S. One dimen-
sional nanostructured materials. Prog Mater Sci. 2007;52:699—
913.

2. Xie XL, Mai YX, Zhou SP. Dispersion and alignment of carbon
nanotubes in polymer matrix: a review. Mater Sci Eng R. 2005;
49:89-112.

3. Ramasubramaniam R, Chen J, Liu H. Homogeneous carbon
nanotube/polymer composites for electrical applications. Appl
Phys Lett. 2003;83:2928-30.

4. Parekh BB, Fanchini G, Eda G, Chhowalla M. Improved con-
ductivity of transparent single-wall carbon nanotube thin films via
stable postdeposition functionalization. Appl Phys Lett. 2007;90:
121913.

5. Viswanath R, Wakharkar V, Watwe A, Lebonheur V. Thermal
performance challenges from silicon to systems. Intel Technol J.
2000;4:1-16.

@ Springer



302

J. Hong et al.

6.

10.

11.

12.

13.

14.

15.

16.
17.

18.

Bonnet P, Sireude D, Garnier B, Chauvet O. Thermal properties
and percolation in carbon nanotube—polymer composites. Appl
Phys Lett. 2007;91:201910.

. Lu C, Mai YW. Anomalous electrical conductivity and percola-

tion in carbon nanotube composites. J Mater Sci. 2008;43:6012-5.

. XuY, Leong CK, Chung DDL. Carbon nanotube thermal pastes for

improving thermal contacts. J Electron Mater. 2007;36:1181-7.

. Biercuk MJ, Llaguno MC, Radosavljevic M, Hyun JK, Johnson

AT. Carbon nanotube composites for thermal management. Appl
Phys Lett. 2002;80:2767-9.

Bryning MB, Milkie DE, Islam MF, Kikkawa M, Yodh AG.
Thermal conductivity and interfacial resistance in single-wall
carbon nanotube epoxy composites. Appl Phys Lett. 2005;87:
161909.

Jessica AH, King JA. Thermally conductive carbon filled nylon
6,6. Polym Compos. 2004;25:186-93.

Haggenmueller R, Guthy C, Lukes JR, Fischer JE, Winey KI.
Single wall carbon nanotube/polyethylene nanocomposites:
thermal and electrical conductivity. Macromolecules. 2007;40:
2417-21.

Wong CP, Bollampally RS. Thermal conductivity, elastic mod-
ulus, and coefficient of thermal expansion of polymer composites
filled with ceramic particles for electronic packaging. J Appl
Polym Sci. 1999;74:3396-403.

Prasher R. Thermal interface materials: historical perspective,
status, and future directions. Proc IEEE. 2006;94:1571-86.
Chung DDL. Materials for thermal conduction. Appl Therm Eng.
2001;21:1593-605.

Liu CH, Huang H, Wu Y, Fan SS. Appl Phys Lett. 2004;84:4248-50.
Mu Q, Feng S, Diao G. Thermal conductivity of silicone rubber
filled with ZnO. Polym Compos. 2007;28:125-30.

Yilgor I, Yilgor E. Thermal stabilities of end groups in
hydroxyalkyl-terminated polydimethylsiloxane oligomers. Polym
Bull. 1998;40:525-32.

@ Springer

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

Wen J, Mark JE, Fitzgerald JJ. Unimodal, bimodal, and filled
poly(dimethylsiloxane) elastomers under cyclic stress at elevated
temperatures. J Macromol Sci A. 1994;A31:429-38.

Shim SE, Isayev Al Ultrasonic devulcanization of precipitated sil-
ica-filled silicone rubber. Rubber Chem Technol. 2001;74:303—16.
Kim M, Hong J, Hong CK, Shim SE. Preparation of silica-layered
multi-walled carbon nanotubes activated by grafting of poly(4-
vinylpyridine). Synth Met. 2009;159:62-8.

Kim M, Hong J, Lee J, Hong CK, Shim SE. Fabrication of silica
nanotubes using silica coated multi-walled carbon nanotubes as
the template. J Colloid Interface Sci. 2008;322:321-6.

Tritt TM. Thermal conductivity: theory, properties and applica-
tions. New York: Springer science; 2003.

Hong J, Lee J, Hong CK, Shim SE. Effect of dispersion state of
carbon nanotube on the thermal conductivity of poly(dimethyl
siloxane) composites. Curr Appl Phys. 2009;10:359-63.
Babooram K, Narain R. Fabrication of SWNT/silica composites
by the sol-gel process. ACS Appl Mater Interfaces. 2009;1:181-6.
Moniruzzaman M, Winey KI. Polymer nanocomposites contain-
ing carbon nanotubes. Macromolecules. 2006;39:5194-205.
Cataldo F, Ursini O, Angelini G. MWCNTs elastomer nano-
composite, Part 1: the addition of MWCNTs to a natural rubber-
based carbon black-filled rubber compound. Fuller Nanotub
Carbon Nanostructures. 2009;17:38-54.

Zeng JL, Cao Z, Yang DW, Xu F, Sun LX, Zhang XF, et al.
Effects of MWNTSs on phase change enthalpy and thermal con-
ductivity of a solid-liquid organic PCM. J Therm Anal Calorim.
2009;95:507-12.

Nan CW, Liu G, Lin Y, Li M. Interface effect on thermal con-
ductivity of carbon nanotube composites. Appl Phys Lett. 2004;
85:3549-51.



	Improvement of thermal conductivity of poly(dimethyl siloxane) using silica-coated multi-walled carbon nanotube
	Abstract
	Introduction
	Experimental
	Materials
	Preparation of the composites
	Characterization

	Results and discussion
	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


