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Abstract—The influence of fullerenes and their derivatives on the formation of carbon-reinforced epoxy
composites and service characteristics of the construction carbon-reinforced plastics thus formed have been
studied. The technology of homogencous distribution of two- or four-walled carbon nanotubes in the bulk of
epoxy oligomers has been developed. A lightning-protective coating on the basis of a carbon-reinforced plastic
(CRP) with a carbon-nanotube modifier has been designed. Owing to increased electrical and heat conduction,
high thermal destruction temperature, and improved performance characteristics, the designed CRP coating
exhibits improved safe damageability under direct stroke and lower weight compared to conventional brass grid

lightning-protective coatings.
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Construction carbon-reinforced plastics (CRPs)
have occupied a firm place among materials for
aviation and space technics. Their share in the
constructions of planers, light planes, and the most
modern jet liners (such as Boeing 787 and Airbus
A350) is more than 50%, and the total surface area of
parts located at the outer contour of planers is 80%.
Carbon-reinforced plastics are finding increasing use
in gas turbine and solid-propellant rocket engines
(GTRE and SPRE, respectively), hulls of rocket-space
and interplanetary stations and artificial Earth
satellites. Such a shift of the material balance was
favored by exceptionally high properties of polymer
composite materials (PCMs), especially if the load on
a part acts along carbon fibers. In this case, the
composites take advantage of such their characteristics
as high specific strength, elastic modulus, and thermal
stress. However, the high values of these parameters are
largely due to the improvement of properties of the
reinforcing filler. Carbon fibers are generally considered
as a nanocomposite formed by definitely arranged
nanocrystallites joint together with an amorphous
(turbostratic) carbon [1-4]. Such fibers exhibit
exceptionally high strength (above 700 MPa) and elastic
modulus (above 60 GPa).
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Quite a different situation takes place with the other
component of composites, viz. the polymer matrix: Its
elastic and strength characteristics are an order of
magnitude lower than the respective characteristics of
construction fibers. At the same time, the matrix
functions not only to maintain reliably in the com-
posite monolayer the highest degree of anisotropy of
properties, but also to maintain a sufficient level the
compression, interlaminar share, and transversal
strengths, fatigue resistance, durability, heat distortion
point, water, fuel, and cracking resistance, and other
performance characteristics. Items made of laminar
carbon-reinforced composites prove the most vulnerable
in cases where mechanical load is applied in a direction
not coinciding with the direction of carbon fibers in the
reinforcing layers.

Encouraging  perspective  arose  with  the
development of techniques for the improvement of
characteristics of the polymer matrices of construction
carbon-reinforced composites by their modification
with fullerenes Cgg, Co, their mixtures and derivatives,
as well as fulleroid carbon nanoparticles: astralenes
and nanotubes [5—8]. The nature of nanoparticles, their
purity, geometric dimensions which define the surface
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Fig. 1. Individual X-ray diffraction spectra of carbon nanotubes: (a) purified; (b) soot-containing; and (c) carboxyl-functionalized.

energy, presence or absence of surface chemically
active functional groups capable of reacting with
binder components strongly affect the formation,
structure, and properties of the composite matrix and
matrix—reinforcing filler interfacial layer.

The use of an up-to-date research laboratory
equipment in their work, RIAM together with RAS
institutes could initiate development of methods and
reliable criteria for quality assessment of nanomaterials
and their derived modifiers. Fullerenes, carbon
nanotubes, and their derivatives were studies by X-ray
structural analysis (XRD) on a RIGAKU D/MAX-
2500 diffractometer with monochromatized Cuk,
radiation. Microstructure was studied by high-resolu-
tion transmission electron microscopy (TEM), and
interactions of components on the formation of carbon
nanocomposites were studied on Mettler Toledo
thermoanalyzers.

During structural studies on fulleroid carbon nano-
particles we could develop procedures for their
identification by individual XRD spectra (examples of
such spectra are shown in Fig. 1).

The purity of carbon nanotubes was determined by
thermogravimetric analysis (TGA) on a Mettler Toledo
TGA/SDTA 851 instrument. The object for study was
single-wall carbon nanotubes (SWNTs) of two types:
ED SWNTs were prepared by electric arc evaporation
of graphite with a Ni/Y catalyst and VDT¢o SWNTs
were prepared by CO decomposition on an iron
catalyst under high temperatures and CO pressures.

The material obtained after synthesis contains,
along with single-wall carbon nanotubes, catalyst
metal particles and amorphous carbon. The aim of
purification was to remove these admixtures. Amor-
phous carbon was removes of oxidizing the synthesis
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Fig. 2. Microphotographs and thermograms of the (a) starting and (b) purified single-walled carbon nanotubes.

product either by atmospheric oxygen under heating or
by treatment with nitric acid under reflux, and the
metal was removed by treating the materials with
hydrochloric acid. Carbon nanotubes of varied purity
were obtained by earlier developed procedures [9], and
their purity was controlled by TGA and TSE (Fig. 2).

Thermogravimetry is widely used for purity control
of SWNTs, since it is known that the burning point of
pure tubes is higher than that of amorphous carbon,
and the metal remains in the unburned residue as
oxides. Figure2 shows the differential weight loss
curves (DTGA). Peak deconvolution in the DTGA
curves was performed using the Mettler Toledo
software. The content of admixtures in carbon nano-
tubes was determined by integration of DTGA peaks
after their deconvolution.

Carbon nanoparticles, having high specific surface
area and surface energy, are extremely prone to
aggregation. Therewith, they lose most of their
activity. In this situation, disintegration of nano-
material, uniform distribution of nanoparticles in the
bulk, and mobilization of their active interaction with
an object to be nanomodified (matrix and matrix—fiber

interface) are the most problematic stages of nano-
technology.

Nanoparticle associates can be disintegrated by
means of surfactants, but such substances can block
the structural energetic potential of a separate nano-
particle. Fullerene Cq can be dissolved in a liquid
medium. However, here, too, a disadvantage takes
place, specifically, formation of stable solvates. A
continuous inert medium is required, which separates
nanoparticles and does not block their activity in the
reaction medium. Such medium has been found. It can
fulfill four concurrent functions: disintergator, trans-
portation means (transport and distribution of nano-
modifier over the bulk of oligomer binder), and
softener for solid oligomer and plasticizer, which
decreases the brittleness of the cured polymer matrix.
The difficulty with uniform distribution arises not only
with energy characteristics of carbon nanoparticles, but
also with their tendency for sedimentation in a liquid
oligomeric medium. To prevent this process, a high-
density inert liquid medium was tested. An efficient
and accessible tool for overcoming sedimentation of
carbon nanoparticles in viscous oligomers is ultra-
sonication. This also favors disintegration of
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nanomaterial particles. The treatment regime should be
controlled to prevent mechanical destruction of starting
components.

The technology of fabrication of nanomodified
carbon plastics includes the following operations.

(1) Finishing carbon fillers with a solution of
fullerene Cqy and its functional derivatives in an inert
medium.

(2) Disintegration of nanotubes and astralenes in a
solvent medium by means of an immersion ultrasonic
activator.

(3) Preparation of an ultradisperse suspension of
nanotubes and astralenes in epoxy monomer and oligo-
mer media in an unltrasonic bath.

(4) Preparation of binders on the basis of modified
epoxy oligomers and hardeners.

(5) Impregnation of finished carbon fillers.

(6) Drying prepregs at room temperature to remove
the solvent.

(7) Cutting prepregs and forming their batches
according to the required reinforcement scheme.

(8) Curing prepreg batches by step temperature—
time regimes, based on refined kinetic and rheological
data for binders and prepregs.

It has become clear already at the first stage of
research that the best results could be reached by
fixing nanoparticles in a composite matrix via their
chemical bonding. Therefore, the Institute of Problems
of Chemical Physics, Russian Academy of Sciences
(IPCP RAS, Chernogolovka) and the Institute of
Inorganic Chemistry, Siberian Branch of the Russian
Academy of Sciences (IIC RAS, Novosibirsk) were set
the task to activate the surface of fullerenes and
nanotubes by grafting functional groups capable of
forming network structures including nanoparticles
due to interaction with the functional groups of
polymer binders. In particular, the procedures developed
at the IPCP RAS [9,10] were used to synthesize
fullerene derivatives with grafted amino groups.
Benzylamine (an aromatic amine) and heptylamine (an
aliphatic amine) were tried as starting amines.

The activity of grafted amines with respect to the
epoxy resin was assessed in reactions of fullerene
derivatives Cg-BA-4 and Cg¢-GA with DER-330
epoxy diane resin. The component ratios in the com-
positions to be tested were chosen to be close to
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Fig. 3. DSC curves of the hardening reactions of (/) DER-
330 epoxy—diane resin and its compositions with (2)
DADFS hardener and (3) Cg-BA-4 and (4) Ce—GA-4
fullerenes.

stoichiometric. This choice was motivated by the aim
of this experiment, specifically, to establish that the
components react with each other and to assess
roughly the temperature and time of chemical fixation
of the carbon nanomodifier in the structure of the
epoxy matrix. The reference composition in the
research on this process was a mixture of DER-330
resin and a well-known aromatic amine diamino-
diphenyl sulfone (DADPS) which is commonly used
for curing epoxy resins.

The study was performed by means of differential
scanning calorimetry (DSC) on a Mettler Toledo DSC
822 calorimeter at a heating rate of 10 deg min .

It was found (Fig. 3) that the epoxy resin reacts
with amino derivatives of fullerene at higher tem-
peratures than with DADPS: The exothermic effect of
the reaction of amino with epoxy groups shifts by no
less than 30°C to higher temperatures. The reactions
occur with a well-defined exothermic effect which
compares for this model composition with those
characteristic of traditional epoxyamine systems.
Fullerene Cg, does not react with the epoxy resin in
this temperature range.

Hyperbranched polymers in the basis of metha-
crylic monomers make it possible to obtain thrmo-
dynamically stable dispersions of carbon nanotubes in
methyl methacrylate. Together with the Mendeleev
Russian Chemical Technological Institute (RCTI) we
developed a technology for preparing uniform bulk
dispersions double- and tetrawalled carbon nanotubes
in epoxy monomers. The quality of distribution of
nanotubes dispersed in binder bulk was evaluated from
TSM microphotographs.

No. 5 2011
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Fig. 4. Microphotographs of epoxy plastics with varied contents of functionalized carbon nanotubes. Nanotube content, wt %:

(a) 0; (b) 0.01; (c) 0.1; and (d) 0.5.

The quality of nanoparticle distribution affects the
morphology of the epoxy matrix of the carbon
composite. This is well-illustrated in Fig. 4 which
shows the TEM microphotographs of chips of resin
samples with successively increasing concentrations of
nanoparticles.

The microphotograph of the surface of an eched
chip of the matrix containing 0.01 wt % of multiwall
carbon nanotubes (tMWNTs) shows almost regular
spherical formations of about 100 nm.

These formations are not destroyed by ionic beam
and, probably, involve stronger intermolecular
interact-tions than the surrounding matrix. Their
mutual location suggests that they, like beads, are
strung to nanotubes. As the tMWNT concentration
increases, the number of formations increases, and
they are uniformly distributed over the whole ob-
servation field. The maximum density of “beads” is

attained at tMWNT concentrations of 0.05-0.1%, and
the corresponding samples have the highest elastic
moduli and glass-transition temperatures (7). Further
increase of the concentration of nanotubes initiates
formation of irregularly shaped agglomerates, and the
elastic modulus therewith decreases. The essential
structural changes in the doped samples are also
evidenced by changed shaped of small-angle X-ray
scattering curves.

The above data suggest that the change of
characteristics of polymer matrices is associated with
the changes in their supramolecular structure, pro-
duced by nanoparticles.

As known, the absolute value of the elastic modulus
of polymer materials and their glass transition point
depend on a combination of such parameters as
macromolecular packing density, molecular mobility,
degree of intermolecular interaction, and density of
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Properties of lightning-protective layers of gradient carbon nanocomposites

UT-900-3k fabric Porcher Ind. 3692 fabric
Properties without with T without with S
nanoparticles | nanoparticles superiority, % nanoparticles | nanoparticles superiority, %
Compressive stress, MPa 620 710 15 680 750 10
Interlaminar shear stress, MPa 40 48 20 48 56 17
Glass-transition point, °C 180 200 11 180 200 11
30-day water absorption 1.12 0.52 300 - - -
Lightning resistance, grade 3 9 200 4 9 125
Tensile stress, MPa 580 590 2 930 940 1
Tensile modulus, GPa 72 72 0 68 68 0

chemical network. Yu.S. Lipatov showed in his
classical works that for moderate filling (much lower
the percolation threshold) of importance are changes of
the structure and properties of polymer boundary
layers under the action of solid surface [11]. The
formation of these layers depends on the nature of the
polymer and the surface of the filler, their relative
surface energies, and temperature and time conditions
of composite formation. The structural changes
induced in polymers on their contact with solid surface
are large in value and develop over a long distance,
and, therefore, filled polymers can be considered as a
three-phase systems comprising the filler, polymer
boundary layer at the filler surface, and “free” polymer
with the structure unaffected by the interface. The
change of properties under the action of filler surface
can develop from the interface into the depth by up to
9 um. With carbon nanotubes or fullerenes, which
possess a high interaction energy and huge (up to
1000 m* g ') specific surface, it would be expected that
already at extremely low concentrations (<0.1 wt %)
concentrations of fillers the entire volume of the matrix
will turn into the boundary layer, and the matrix will
acquire quite different properties.

Further quite an interesting result is that a
considerable rise of the glass-transition temperature
and compressive elastic modulus of the epoxy matrix
filled with functionalized nanoparticles is attended
with decrease of the heat effect of polymerization.
Consequently, the improvement of the above properties
of the matrix is associated with increasing density of the
anchoring network rather than with enhancing chemical
cross-linking. This result raises the problem of
developing a modifier on the basis of functionalized
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carbon nanoparticles for complex improvement of
performance characteristics of epoxy binders.

Actually, presently polymer composite materials
pose high requirements to binders, including high glass-
transition temperature and compressive elastic mo-
dulus, as well as a high tensile strength. These pro-
perties are quite difficult to combine in one material.
For high glass-transition temperatures and compressive
elastic moduli it is necessary to ensure a highly dense
chemical cross-linking. However, beginning with a
certain limit, further increase of cross-linking density
leads to a sharp decrease of tensile deformation and
strength. With binders modified with carbon nano-
particles, increased glass-transition temperatures and
compressive elastic modulus are due to interaction of
macromolecules with the filler surface. Therewith, the
deformation characteristics of the matrix remain
virtually unchanged.

The results of the basic research were used in the
RIAM to develop concrete materials.

Introduction of about 0.05% of carbon nano-
particles, such as fullerenes, nanotubes, or astralenes,
endows CPRs with enhanced mechanical and per-
formance: The compression and share strengths
increase by 20%, shock resistance by 45%, residual
strength by a factor of 1.5, water and fuel resistance by
a factor of 1.5-2, working temperature by 30%, and
durability by a factor of 1.8 (see table). Simultaneously
the material acquires special properties, such as
electro- and thermoconductivity, X-ray and sound
transparency, and lightning resistance.

The RIAM developed a lightning-resistant CRP
coating comprising astralenes and fullerenes for MS-
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(b)

Fig. 5. Lightning resistance of carbon-reinforced plastics with protective coatings containing carbon nanoplastics: (a) with no

coating and (b) with lightning-protective coating.

21, PAK-FA, and a series of helicopters, whose outer
surface consists by more than 50% of CRP construc-
tions [12]. Possessing increased high-tem-perature
electro- and thermoconductivity, thermal degrada-tion
temperature, and construction characteristics, this
coating imparts safe damageability to CRP construc-
tions on exposure to lightning strokes and decreases
the weight of the these constructions by 300-500 g m *
protected surface compared to traditional brass grid
coatings.

The efficiency of the developed lightning protect-
tion was tested on domestic and foreign fabrics

(Fig. 5).

On exposure to lightning strokes aircraft airframe
CRP parts without special protection undergo damages
which pose threat to flight safety.

To bring the weight share of airframe CRP parts in
an aircraft to 60%, thereby decreasing the aircraft
weight by 15-20%, the following actions are required.

(1) To use lightning protection coatings to decrease
damageability under lightning stroke (current
parameters: / = 200 kA and Q = 20 C for zone B and
1=200 kA and Q =200 C for zone A).

(2) To enhance high-temperature mechanical param-
eters by 15-40%.

(3) To enhance climate resistance and durability by
a factor of 1.2—1.5.

(4) To enhance shock resistance by a factor of 1.2—
1.5.

The described technology was used to produce a
KMU-7eNM CRP on the basis of a UT-900-2.5 full-
strength roving fabric and an epoxy binder modified
with fullerenes and astralenes. Reference CRPs
without modifiers were produces by a conventional
technology. The compositions of CRPs were deter-
mined by X-ray analysis, and CRP samples were tested
for the interlaminar shear z., (Methodical Recom-
mendations 49-82) and longitudinal o0 and transversal
63’ compression strengths (State Standard 25602-80),
therewith determining residual compression strength o,
(Methodical Recommendations 65-82).

Compared with standard materials, nanostructured
CRPs showed much better characteristics. The most
essential gain was observed in the transversal com-
pression strength (about 60%). Conductivity charac-
teristics of carbon nanoparticles proved also to be of
service. Therewith, the concentration percolation
threshold of charge carriers (phonons and electrons)
was found to be quite low (<2%) due to a huge
specific surface area of nanoparticles (for comparison,
in the case of technical carbon particles such threshold
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reaches 20%). The transversal thermoconductivity of
CRPs is increased 1.5 times and their electrocon-
ductivity 3 times. The increased conductivity improves
the ability of PCMs to dissipate the external force and
thermal loading energy. Furthermore, the water
absorption at modifier concentrations of about 0.003—
0.02 wt % decreases two times.

The CRP samples were tested at the Semenov
Institute of Chemical Physics, Russian Academy of
Sciences, by double-cantilever beam delamination.
The resulting data showed that the residual com-
pression strength of the nanostructured CRP, which is
indirectly related to fracture resistance and toughness,
has increased. Direct evidence for the efficiency of
carbon nanomaterials as microfracture stoppers was
provided by the specific destruction energy G,. which
characterizes the fracture resistance of materials under
normal stresses.

REFERENCES

1. Uglerodnye volokna (Carbon Fibers), Simamura S., Ed.,
Moscow: Mir, 1987 (Translated from Japanese).

2. Kudryavtsev, G.I., Varshavskii, V.Ya., Shchetinin, A.M.,
and Kazakov, M.E., Armiruyushchie khimicheskie
volokna dlya kompozitsionnykh materialov (Reinforcing
Chemical Fibers for Composite Materials), Moscow:
Khimiya, 1992.

3. Gunyaev, G.M., Struktura i svoistva polimernykh
voloknistykh kompozitov (Structure and Properties of
Polymer Fiber Composites), Moscow: Nauka, 1981.

4.

10.

11.

12.

977

Gunjaev G.M., Polymer Matrix Composites, Shalin, R.E.,
Ed., London: Chapman & Hall, 1995, pp. 92—-129.

. Gunyaev, G.M., Kablov, E.N., II’chenko, S.I., Pono-

marev, AN., Komarova, O.A., and Aleksashin, V.M.,
Tr. mezhdunarodnoi konferentsii “Teoriya i praktika
tekhnologii proizvodstva izdelii iz kompozitsionnykh
materialov i novykh metallicheskikh splavov” (Proc. Int.
Conf. “Theory and Practice of Production of Articles
from Composite Materials and Novel Metal Alloys”),
Moscow: Znanie, 2003, pp. 230-234.

Gunyaev, G.M., IlI’chenko, S.I., Komarova, O.A.,
Aleksashin, V.M., et al., Plast. Massy, 2003, no. 10,
pp. 15-16.

Ponomarev, A.N., Aladyshkin, A.N., Katselainen, I.V.,
and Panov, S.A., Proc. Conf. “Commercialization
Advances in Large-Scale Production of Carbon
Nanotubes”, April 22-23, 1999, Washington, DC, p. 10.
II’chenko, S.I., Gunyaev, G.M., Ponomarev, A.N., et al.,
Nanotekhnika, 2005, no. 3, pp. 18-28.

Gunyaev, G.M., Kablov, E.N., II’chenko, S.I., et al., Tr.
mezhdunarodnoi  konferentsii  “Teoriya i praktika
tekhnologii proizvodstva izdelii iz kompozitsionnykh
materialov i novykh metallicheskikh splavov” (Proc. Int.
Conf. “Theory and Practice of Production of Articles
from Composite Materials and Novel Metal Alloys”),
Moscow: Znanie, 2006, pp. 622—629.

Aleksashin, V.M., Gunyaev, G.M., II’chenko, S.L,
et al., Nanotekhnika, 2005, no. 4, pp. 89-92.

Lipatov, Yu.S., Mezhfaznye yavleniya v polimerakh,
Kiev: Naukova Dumka, 1980, p. 257.

Kablov, E.N., Gunyaev, G.M., IlI’chenko, S.I., Ka-
vun, T.N., and Komarova, O.A., RF Patent no. 2263581
0f 10.11.2005.

RUSSIAN JOURNAL OF GENERAL CHEMISTRY Vol. 81 No. 5 2011




<<
  /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 /Warning
  /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


