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Abstract Carbon material was produced using an inductively coupled thermal plasma
torch system of 35 kW and a conical shape reactor. The carbon nanopowders were
obtained by plasma decomposition of methane at various flow rates and show a uniform
microstructure throughout the reactor. The product has a crystalline graphitic structure,
with a stacking of between 6 and 16 planes and a nano-flake morphology with particles
dimensions of approximately 100 nm long, 50 nm wide and 5 nm thick. Nitrogen was also
introduced in some synthesis experiments along with the methane precursor using flow
rates of 0.1 and 0.2 slpm. The resulting product has the same structural properties and the
nitrogen is incorporated into the graphitic structure through pyridinic type bonds.

Keywords Carbon nano-flakes - Thermal plasma - Nitrogen functionalization -
Graphitic structure

Introduction

Carbon presents different allotropic forms such as diamond, graphite, carbon nanotube
structures, fullerene family based solids, and amorphous carbon. The carbon atoms in
graphite are organized in the form of layers of symmetrical hexagons, each of these layers
being horizontally displaced relative to the next one. Starting with this perfect crystalline
arrangement, degenerated structures can be constructed based on lower degrees of symmetry
down to a completely amorphous structure. From the physical point of view, carbon black
(CB) is an intermediate structural form between graphite and an amorphous structure [1].
Industrially, CB is produced using two main types of manufacturing processes: the
furnace process and the thermal process. The furnace process uses heavy aromatic oils as
feedstock and a closed reactor to atomize this feedstock. The reaction rate is controlled by
steam or water spraying. The thermal process uses natural gas as feedstock and a pair of
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furnaces that alternate approximately every 5 min between preheating and carbon black
production.! More recently, plasma technologies have been used as a route for the syn-
thesis of new CB structures [2—7]. One of the advantages of such a technology is the
possibility to use a variety of carbon sources in gaseous, liquid or solid state. The plasma
process is also clean, it does not generate CO, and the resulting CB powders do not contain
large amounts of impurities as those found in the flame processes.

In a thermal plasma system, the particle size and the number of nucleated particles are
affected by two factors: the cooling rate at the location of the nucleation and the monomer
concentration. High monomer concentration and low cooling rates favor the nucleation of
fewer particles having a larger particle size [3, 4]. The properties of the product are also
influenced by the local temperature: injection of the carbon source in the arc zone
(T ~ 10,000 K for argon plasma) results in production of a highly organized CB. The
growth of the particles in a low temperature region of the reactor (T < 1,600°C) will lead
to an amorphous product with spherical particles [5]. The nature of the feedstock does not
influence the size distribution of CB aggregated but an important role is played by the zone
where the carbon source is injected [2].

CB is widely used in industry, including in the energy and transportation sectors for
example as a catalyst support in the Polymer Electrolyte Membrane (PEM) fuel cell. A
typical carbon black material used in PEM fuel cell studies is Vulcan XC72R produced by
Cabot, although other carbons such as Black Pearls, Ketjen Black or Printex XE-2 pro-
duced by Degussa have also been used [§—11]. The PEM fuel cells are clean and efficient
alternative energy sources; however their production cost must be reduced substantially in
order for them to be economically viable. Of particular importance in the cost reduction is
the development of an alternative, low cost catalyst. The catalyst material used presently
consists of CB powder on which fine platinum (Pt) particles are uniformly dispersed. CB
was chosen because of its electrical conductivity, its high surface area and its ability to
function in the highly acidic medium of the PEM fuel cells. Pt particles typically catalyze
oxidation reaction taking place at the anode and the reduction reaction taking place at the
cathode. While non-platinum catalysts still show lower activity and much lower durability
than Pt, recent improvements in their beginning-of-life activity give increased hope for
their eventual practicality [12]. The non-noble catalysts materials consist also of CB
powder which contains nitrogen atoms bonded to the graphitic support and iron atoms
bounded to the nitrogen atoms, creating in this way the active Fe centers for catalysis [13].
These active centers have a structure of metal-N, chelates. The metal atoms coordinated
into the active site can be any transition metal, but iron and cobalt are known to present the
highest electrocatalytic activities [14].

The results presented in this communication are part of an overall work whose objective is
to produce and control the morphology of CB nanopowders having a high density of catalytic
sites on their surface leading to a high catalytic activity. The active centers are formed inside
the pores of the material or on the edge of the graphene planes. Thus the degree of crys-
tallinity of the produced material and its porosity are two of the most important properties of
such a catalyst material [11, 13]. In terms of the chemical structure, the increase in the
number of catalytic sites requires not only a crystalline nanostructure of the powders but also
an increase in the quantity of nitrogen incorporated in the nanostructure.

In this paper we present carbon nano-powders having a crystalline flake-like mor-
phology which is obtained by plasma decomposition of methane at various flow rates in the

! Carbon Black User’s Guide. Safety, Health, and Environmental Information. International carbon black
association (ICBA) www.carbon-black.org.
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Fig. 1 Diagram of conical water
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presence and absence of nitrogen using an inductively coupled thermal plasma (ICP) torch
system.

Experimental

Carbon nanopowders were obtained by plasma decomposition of a carbon-containing
feedstock. The material was produced using an inductively coupled thermal plasma (ICP)
torch system of 35 kW using methane as a carbon precursor at various flow rates.

The induction plasma torch is a TEKNA PL-35 model, which is essentially composed of
a copper coil of several turns wrapping a confinement tube inside which the induction
plasma is generated. The plasma jet generated provides high temperatures (5,000—
10,000 K) and high enthalpies (10°-10° kJ/kg), depending on the species present in the
system.2 The injection probe is inserted into the torch in the axial position, the tip of the
probe reaching the coil area of the torch body below the first coil turn, allowing the
injection of the carbon source in the core of the plasma. Three gas streams are necessary
for the operation of the ICP torch: central, sheath and carrier gas. The gas used for each of
these streams was argon.

The ICP torch is attached to a conical water cooled reactor having 50 cm in length and a
full angle of expansion of 14° (7° half angle) as presented in Fig. 1. Such geometry
provides a gradual gas expansion from the torch to the reactor minimizing both recircu-
lation areas and sudden quenching of the gas [15, 16]. A 4 mm annular gap between the

2 Induction Plasma Torch PL-35 and PL-50, Operation and Service Manual. Sherbrook: Tekna Plasma
Systems, Inc., 2004.
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Fig. 2 SEM image of carbon
nano-flakes obtained at:
a 55.2 kPa and b 89.6 kPa

1.00um

conical section of the reactor and the bottom collection plate is used for the gas outlet. An
annular manifold around this outlet collects the exit gases which exit through a single
outlet in the manifold. A higher pressure drop is maintained across the annular gap in
comparison to the pressure drop in the manifold, ensuring in this way a radial outlet flow
pattern of the gases from the collection plate. This geometry also provides a symmetric
flow pattern within the reactor chamber above the collection plate and a stagnation point
flow geometry on the plate itself [15].

The methane was injected using flow rates of 0.5, 1 and 5 slpm (measured at 294.5 K,
101.4 kPa). In some experiments nitrogen was also introduced along with the carbon
source using flow rates of 0.1 and 0.2 slpm. The methane injection time varies between 5
and 32 min. In the experiments presented here, the reactor power is kept constant at about
20 kW plate power and two reactor pressures were used: 55.2 and 89.6 kPa.

Results and Discussions
Powders Produced Without Nitrogen Addition
The produced powders collected from different parts of the conical reactor show a uniform

morphology [16], which was analyzed using scanning and transmission electron micros-
copy (SEM and TEM). The particles show a flake-like morphology (Figs. 2a,b and 3a,c)
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hereafter called “carbon nano-flakes”, with typical dimensions of approximately 100 nm
long, 50 nm wide and 5 nm thick. Close observation of the TEM micrograph (Fig. 3b,d)
show the graphitic planes in the cross section with a stacking of between 6 and 16 planes in
the powders observed. Similar CB structures were previously produced by DC thermal
plasma system [17] and non-thermal plasma process [18].

The surface area of the powders as determined by the Brunauer Emmett Teller (BET)
technique varied between 119 and 345 m%/g. The lower values were obtained for the
samples in which the presence of organic volatile compounds was observed. It is believed
that such organic compounds act as a glue causing the agglomeration of the carbon nano-
flakes, and results in a decrease in the value of the specific surface area [16].

Raman spectroscopy was used to asses the degree of crystallinity of the produced
materials. The Raman spectra presented in Fig. 4 were obtained using an incident laser
wavelength of 514 nm and a grating of 1,800 lines/mm. All the spectra show distinct G

100 nm

ntat prT— Batit —_—
1E43 100 ne e T
Hdoma W< 200.0KY Tomn HY=200.0kY
Trint Mag: 321000z 08.0 in Primt Mag: 3710080x @ 8.0 in

100 nm

it it ey
1P14 o0 e 1014 s
Print Mag: RX1608x 0E.0 in HV2200.8KY Frint Mag: 3800000x @8.0 in W= 200,00V

Direct Mag: 36000 Diroct Mag: 1#0000x

Fig. 3 TEM images of carbon nano-flakes obtained at: a and b 55.2 kPa, ¢ and d 89.6 kPa
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Fig. 4 Raman spectra of carbon a I G’
nano-flakes produced at: 1500 G
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band at 1,577 cm™! and a D band at 1,345 cm’l, both being characteristic of graphitic
materials, plus also the G’ band at 2,697 em Analysis of the Raman spectra of natural
graphite reveals a sharp and intense G band while the G’ band is broader and less intense.
The G’ band changes in intensity and shape for carbon powders having a crystalline
morphology composed of a small number of graphene layers (1-5 layers), becoming a
single sharp and intense peak, more intense than the G band [19]. The powders produced in
the present experiment show that the G’ band is only slightly more intense than the G band.
This seems to correlate with our powders being composed of graphene layers with a
stacking of more than 5 layers.

The nano-flakes are composed of crystalline planes having an in-plane length (L,) equal
to 9.2 nm evaluated using the Raman-based method developed by Larouche and Stansfield
[20]. This value is much higher than for other nanostructured carbon materials [20].

An assessment of the purity of the product can also be made from Raman spectra by
using the relative ratios of the Raman peaks. The most suitable Raman ratio to use is the
Io/1p ratio since the G’ band results from a two-phonon process and its intensity decreases
as the sample becomes less ordered because the impurities present in the sample does not
allow the coupling effect necessary for the two-phonon process. By analyzing the Raman
spectra obtained for the nano-flake powders, the calculated Ig/Ip ration is around 2.5,
which corresponds to a fully crystalline sample [21].

The X-Ray Diffraction (XRD) pattern shown in Fig. 5 is representative of powders
obtained at 55.2 and 89.6 kPa. All the diffraction patterns show a crystalline structure.
Comparing this with the diffraction pattern of natural graphite, one identifies the peaks
around 20 angles of 25°, 42°, 72° and 88° to be characteristic of a graphitic structure. The
peaks around 20 angles of 25° and 88° are reflections of the 002 and 006 diffraction lines,
which are an indication of the graphite layers structure of the nano-flakes. The peaks
around 20 angles of 42° and 72° are reflections of the 100 and 104 diffraction lines and are
assigned to the hexagonal symmetry of the graphene plane [22].
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Fig. 5 Typical XRD diffraction 1500
pattern of carbon nano-flakes
showing a crystalline structure
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Fig. 6 XPS spectrum of carbon-nano flakes produced without nitrogen addition

The X-Ray Photoelectron Spectroscopy (XPS) results shown in Fig. 6 reveal the
presence of two characteristic peaks: one Cls (carbon) peak at 284.9 eV and an Ols
(oxygen) peak at 532.6 eV. These results show a high purity of the samples. The oxygen
presence is due to exposure of samples to the ambient air. In these samples no nitrogen
peak is observed as these experiments were performed without any addition of nitrogen to
the plasma gas.
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Fig. 7 TEM images of carbon nano-flakes obtained at: a and b 55.2 kPa, ¢ and d 89.6 kPa and with
nitrogen addition

Powders Produced with Nitrogen Addition

The TEM images shown in Fig. 7a,c reveal the same flake-like morphology of particles as
in the case of the material produced without nitrogen addition. Close examination of TEM
images (Fig. 7b,d) show a stacking with the same number of graphene planes (6—16) as in
the case of powders produced without nitrogen addition. It can be concluded that the
addition of nitrogen along with methane during the production process does not affect the
morphology of the material.

Raman spectroscopy was used again to asses the crystallinity of the samples produced
with the addition of nitrogen. No change was observed in the shape of the Raman spectra
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Fig. 8 XPS spectrum of carbon-nano flakes produced with nitrogen addition

of these samples if compared with the powders produced with no nitrogen addition (see
Fig. 4). We observe again the presence of the distinct G band at 1,577 cm ™', D band at
1,345 cm™" and G’ band at 2,697 cm™", all characteristic of graphitic materials. This is
again an indication that the nano-flake morphology of the powders was not affected by the
addition of nitrogen.

The XPS spectrum presented in Fig. 8 reveals the presence of the same two charac-
teristic peaks observed in Fig. 6: one Cls (carbon) peak at 284.6 eV and an Ols (oxygen)
peak at 532.2 eV, but also observed is the presence of a small N1s (nitrogen) peak at
398.8 eV. These results show again a high purity of samples. High resolution analysis of
the N1s peak presented in Fig. 9 and the deconvolution of this peak shows that there are
two types of N-bonding present: pyridinic type (peaks at 398.8 and 399.9 eV) and aliphatic
type (peak at 410.1 eV).> The amount of nitrogen incorporated into the desired pyridinic
type structure is around 0.7 £ 0.3 at.%, however the total amount measured in the samples
was up to 2 & 1 at.%. The difference is nitrogen incorporated via the aliphatic type of
N-bonding, most probably in a volatile organic compound. Further analysis on the solid
carbon samples using thermal extraction techniques and GC-MS were made in various
operating conditions of the reactor, these being presented in a separate publication. The
main results for the samples produced using conditions of Fig. 7 indicate again a high
purity of the samples.

3 National Institute of Standards and Technology (NIST), X-Ray Photoelectron Spectroscopy Database
Version 3.5, www.nist.gov.
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Fig. 9 XPS high resolution nitrogen peak (red line represents recorded data; blue line is the summation of
deconvoluted peaks) showing two types of N-bonding: pyridinic type (N1sA peaks at 398.87 eV and N1sB
peak at 399. 90 eV) and aliphatic type (N2sA peak at 401.18 eV)

Conclusions

The present paper presents carbon nano-flakes produced using methane as a carbon pre-
cursor with or without the addition of nitrogen during the production process in an ICP
thermal system. The uniform flow pattern achieved in the conical reactor enables a good
control of the thermal history of the gas and solid particles in the conical reactor and
promotes the formation of a clean product with a uniform morphology. It is showed that
the addition of nitrogen did not affect the morphology of the powders. Up to 1.98 at.% of
nitrogen is incorporated in the crystalline carbon powders, from which about 0.69 at.% is in
the form of a pyridinic type of N-bonding. Such type of bonding is desired for the creation
of active sites in a catalyst material for PEM fuel cells.

Acknowledgments The financial contributions of the Natural Sciences and Engineering Council of
Canada, FQNRT and General Motors Canada are gratefully acknowledged.

References

1. Donnet J-P, Voet A (1976) Carbon black. Physics, chemistry, and elastomer reinforcement. Marcel
Dekker Inc, USA

2. Fabry F, Flamant G, Fulcheri L (2001) Carbon black processing by thermal plasma. Analysis of the
particle formation mechanism. Chem Eng Sci 56:2123-2132

@ Springer



Plasma Chem Plasma Process (2011) 31:393-403 403

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Girshick SL, Chiu CP, McMurry PH (1988) Modelling particles formation and growth in a plasma

synthesis reactor. Plasma Chem Plasma Process 8:145-157

. Girshick SL, Chiu CP (1989) Homogeneous nucleation of particles from the vapor phase in thermal

plasma synthesis. Plasma Chem Plasma Process 9:355-369

. Fulcheri L, Schwob Y, Flamant G (1997) Comparison between new carbon nanostructured produced by

plasma with industrial carbon black grades. J Phys III France 7:491-503

. Juan L, Fangfang H, Yiwen L, Yongxiang Y, Xiaoyan D, Liao X (2003) A new grade carbon black

produced by thermal plasma process. Plasma Sci Technol 5:1815-1819

. Kim KS, Seo JH, Nam JS, Ju WT, Hong SH (2005) Production of hydrogen and carbon black by

methane decomposition using DC-RF hybrid thermal plasmas. IEEE Trans Plasma Sci 33:813-823

. Antolini E, Salgado JRC, Giz MJ, Gonzales ER (2005) Effects of geometric and electronic factors on

ORR activity of carbon supported Pt-Co electrocatalysts in PEM fuel cells. Int J hydrogen Energy
30:1213-1220

. Litster S, McLean G (2004) PEM fuel cell electrodes. J Power Sour 130:61-76
10.
. Médard C, Lefevre M, Dodelet J-P, Jaouen F, Lindbergh G (2006) Oxygen reduction by Fe-based

Barbir F (2005) PEM fuel cells. Theory and practice. Elsevier Inc, USA

catalysts in PEM fuel cells conditions: activity and selectivity of the catalysts obtained with two Fe
precursors and various carbon supports. Electrochim Acta 51:3202-3213

Lefevre M, Dodelet JP (2000) O, reduction in PEM fuel cells: activity and active site structural
information for catalysts obtained by the pyrolisis at high temperature of Fe precursosrs. J Phys Chem B
104:11238-11247

Jaouen F, Lefevre M, Dodelet JP, Cai M (2006) Heat—treated Fe/N/C catalysts for O2 electroreduction:
are active sites hosted in micropores? J Phys Chem 110:5553-5558

Lee K, Zhan L, Zhan J (2008) PEM fuel cell electrocatalysts and catalyst layers: fundamentals and
applications. Springer-Verlag London Limited, London

Castillo TA, Munz RJ (2007) New in situ sampling and new in situ sampling and analysis of the
production of CeO2 powders from liquid precursors using a novel wet collection system in a rf
inductively coupled thermal plasma reactor. Part 1: reactor system and sampling probe. Plasma Chem
Plasma Process 27:737-759

Pristavita R, Mendoza-Gonzales NY, Meunier JL, Berk D (2010) Carbon blacks produced by thermal
plasma: the influence of the reactor geometry on the product morphology. Plasma Chem Plasma Process
30:267-279

Li N, Wang Z, Zhao K, Shi Z, Gu Z, Xu S (2009) Large scale synthesis of N-doped multi-layered
graphere sheets by arc-discharge method. Carbon 48:255-259

Moreno-Couranjou M, Monthioux M, Gonzalez-Aguilar J, Fulcheri L (2009) A non-thermal plasma
process for the gas phase synthesis of carbon nanoparticles. Carbon 47:2310-2321

Ferrari AC, Meyer JC, Scardaci V, Casiraghi C, Lazzeri M, Mauri F, Jiand D, Novoselov KS, Roth S,
Geim AK (2006) Raman spectrum of graphene and graphene layers. Phys Rev Lett 97:187401
Larouche N, Stansfield BL (2010) Classifying nanostructured carbons using graphitic indices derived
from Raman spectra. Carbon 48:620

DiLeo R, Landi BL, Raffaelle RP (2007) Purity assessment of multiwalled carbon nanotubes by Raman
spectroscopy. J Appl Phys 101:064307

Inagaki M (2000) New carbons. Control of structure and functions. Elsevier Science Ltd, UK

@ Springer



	Carbon Nano-Flakes Produced by an Inductively Coupled Thermal Plasma System for Catalyst Applications
	Abstract
	Introduction
	Experimental
	Results and Discussions
	Powders Produced Without Nitrogen Addition
	Powders Produced with Nitrogen Addition

	Conclusions
	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


