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A PROPOSAL OF THERMOELECTRIC DIVERTOR BY USING SILICON
CARBIDE IN NUCLEAR FUSION EXPERIMENT

Fusion reactor needs a divertor plate to reduce a plasma surface interaction in order to realize long
confinement time of high temperature plasmas. The plate is attached on the vacuum vessel, and it
should be cooled. The function of the divertor is to control the plasma particle flow, and it is set with
the pumping system. The heat flux to the divertor plate is quite high as the order of 10 MW/m® in
fusion reactor, and the high-energy particles and the radiation from the plasma are bombarded on
the surface of the plate. The heat flux on the divertor plate is the same as the inside of the rocket
engine, but the heat flux of the rocket engine does not include high-energy particles. In order to
remove the heat flux from the divertor plate, the reverse side of the plate is cooled by the water flow,
and the plate should be thin to realize the low thermal resistance. Therefore, the temperature
difference of the plate is higher than 1500 K. Carbon and tungsten are used in the present
experiment as materials for the divertor plate because they possess high thermal conductivity and
high melting point temperature. One of authors proposed the thermoelectric divertor to generate
electric power in 2002, however, the Seebeck coefficients of these materials are not high and the
output power of the thermoelectric divertor is not high. Here, we propose to use silicon carbide (SiC)
as a new material for the thermoelectric divertor again because its thermal conductivity is higher
than tungsten, the Seebeck coefficient of SiC is the order of 100 wWV/K, and it does not melt and its
sublimation temperature is 2700 K. In the paper we also propose thermionic emission combined with
the thermoelectric conversion system. We discuss the structure of the divertor plate and its
performance about the heat removal and electric power generation.
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Introduction

Fusion reactor needs the divertor plate [1, 2] to reduce the plasma surface interaction in order to
realize the good confinement of high temperature plasmas. The plate is attached on the vacuum vessel,
and the vacuum pumping system and the cooling system are connected with the divertor plate in order
to control the particle influx and pumping, and the temperature of the plate [3, 4]. Since the energy
confinement time of plasma is longer for larger plasma depending on the experimental scaling law
[5, 6, 7], the heat flux to the divertor plate is high extremely, and its order is the order of 10 MW/m? in
fusion reactor [8], and the high energy particles of plasma are bombarded on the plate, too. The heat
flux on the divertor plate is the same as on the inner wall of the rocket engine, the heat removal is
important to operate fusion experiment and reactors. The material of the divertor plate is carbon and
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high melting point metals, such as tungsten and molybdenum, and their composite materials [9]. These
materials should have high thermal conductivity because of the removal of high heat flux. They should
conjugate to the copper plate, and the conjugation technology is also important. Usually the water and
helium gas flows cool the copper plate. Therefore, large temperature difference appears between the
plasma side of the plate and the copper plate, and it is higher than 1500 K.

This structure and the operation conditions are good for thermoelectric power generation
because of high temperature difference, and one of authors proposed the thermoelectric divertor (TED)
to generate electric power in 1996 [10] and 2002 [11], and also proposed the thermionic divertor (TID)
and its structure in 1996 [12]. However, since the Seebeck coefficients of these materials (carbon and
metals) are not high and their figures of merits are extremely low, the output power of the TED is not
high. Here, in order to improve the performance of the TED, we propose to use silicon carbide (SiC)
as a new material for the TED. Thermal conductivity of SiC is higher than those of tungsten,
molybdenum and the carbon, and moreover the Seebeck coefficient of SiC is the order of 100 pV/K
[13, 14, 15], therefore we can expect high output voltage of the TED. It does not melt and its
sublimation temperature is ~ 3000 K, therefore it is high temperature material. If we install the TED in
the fusion reactor, we can also consider the concept of TID with the TED at the same time in order to
enhance the electric power output. In the paper, we propose and discuss the new structure of the
divertor plate, and estimate its performance about the heat removal, electric power generation, and the
perspective of the future experiment in the present device.

Proposal of SiC Thermoelectric Divertor

In order to generate high temperature plasma, the plasma-wall interaction should be reduced, and
the limiter had been used in tokamaks in 1960’s and 1970’s. However, the limiter material is going into
plasma as the impurities because the surface temperature of the limiter may exceed 2500 K. The
radiation loss of the impurity is high, and finally the energy confinement time is limited and not long for
fusion reactor. The divertor configuration was developed in magnetic confinement devices, such as the
tokamak and the helical system in order to reduce the impurity contaminations in the plasma. This can be
called the magnetic limiter, and the magnetic field of the main plasma is not touched to the wall and the
limiter directly. Therefore, the high temperature plasmas are realized in the divertor configuration in
many experimental devices, and it is the standard magnetic configuration in the present time.

Fig. 1 shows the concept of TED in fusion experiments. This is based on the Fig. 1 (b) in ref.
[4]. Some of the parts in the figure are changed, such as the cooling channel in the first wall of the
divertor. X point means the poloidal magnetic field is zero, and the upper parts of the X point is the
main plasma, and this is called the divertor configuration. The dotted lines mean the magnetic
surfaces, and those are composed of the magnetic field lines. The plasma particle flows along the
magnetic field line mainly, and the wall where the magnetic field line is crossing must be cooled to
keep it. The radiation from the plasma is strong, and the first wall must be cooled. The charged
particles of the plasma are neutralized at the wall, and they can be pumped out from the vacuum
vessel. This is an important process to control the density of plasma. The thermoelectric modules (TE
modules) are added on the original figure and they are connected to the wall of the vacuum vessel
where the particle fluxes bombard, as shown in Fig. 1.

The TE module is composed of n-type and p-type SiC semiconductor, and they are connected
with the high temperature metallic material such as tungstain in high temperature side. The low
temperature side of the semiconductor is connected with the copper and the copper parts are cooled by
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the water. This configuration is the same as the divertor plate fundamentally. The plasma side of the
TE module is hot because of high heat flux of the plasma particle and the radiation, and the other side
is cold. Therefore, the TE module has large temperature difference, and can generate electric power.

first wall
of divertor
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.___..-maénetic line of force

output (surface)
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Fig. 1. Setup of the thermoelectric divertor (TED),
and the magnetic configuration of plasma.

The functions of the TED should be as

1) to remove the heat at the wall of the vacuum vessel,

2) to pump out the particles from the plasma for controlling the plasma density,

3) to generate electric power.

The first two functions are the same as the original divertor’s, but the last one is a new addition.
Therefore, the material of TED has high thermal conductivity and strong for the bombardment of high-
energy particle from plasma and the thermal shock (rapid temperature change), and in addition its
Seebeck coefficient should be high and it is low electrical resistivity in order to generate electric
power. The materials of the divertor are tungsten and molybdenum as the first wall because they are
high melting points material and have high thermal conductivities. The carbon and the related
materials are also used because it can be used in high temperature and their thermal conductivity is
also high. However, their Seebeck coefficients are low, and therefore they are not good material from
thermoelectric points of view. We cannot expect high electric power output from these materials.

We proposed the silicon carbide, SiC, to solve the problem. The thermal conductivity of SiC is
higher than those of tungsten, molybdenum and carbon, and therefore it is good for cooling and we
can keep the same structure of the present divertor. The Seebeck coefficient of SiC is also higher than
those of tungsten, molybdenum and carbon, and therefore it is good for electric power generation as in
Fig. 1. In the present time, we do not have enough data of SiC’s parameters at high temperature, but
the known parameters are listed in Table 1. The tungsten is a good material to connect the p-type and
n-type semiconductors in the high temperature side because it is strong for the bombardment of high-
energy particle from plasma and it is used in the present experiment. SiC is a good material as n-type
semiconductor even in high temperature, but it is hard to make p-type. Therefore, B,C is a candidate of
the p-type semiconductor at high temperature. Usually we can find p-type semiconductor in high
temperature. However, since the thermal conductivity of B4C is low, this is limited to use in divertor.

It is valuable to estimate the electric power generation by using SiC. The figure of merit of the
SiC in Table 1 is expected to be ~ 10> [K''], and it is not large as the present BiTe, but the temperature
difference of the module is high as 1500 K, therefore the efficiency of the electric output power is not
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low, and can be evaluated by the following equation, where a is the Seebeck coefficient, k is the
thermal conductivity, p is the electrical resistivity, Ty is the temperature of high temperature side of
the element, 7¢ is the temperature of low temperature side of the element.

Z(T, +T.)
Jia 2t i)
L, — T 2 P (D
Ty || 20+ 1) Te Kp
\ 2 T,

Table 1
Parameters of the high temperature materials
. MP(m'eltin.g poin.t) Therrr.lal. Seebeck Resistivity
Material | SP(sublimation point) | conductivity coeff. [Qm] comments
m
[K] [W/m-K] [LWV/K]
~170 52x10°
Tungsten 3695/MP <10 for first wall
=300 K =300 K
high thermal
Carbon 3915/SP 100 ~ 300 <10 10°~10° | conductivity
in diamond
30 ~42 ~ 120 ~0.006 d in fissi
B.C[16] 2763/MP used in fission
=300 K = 1000 K = 1000 K reactor
SiC 3003/SP ~490 > 400 <0.0001 new proposal

The calculation result of the efficiency is shown in Fig. 2. The efficiency of the thermoelectric
conversion is shown as the vertical axis, and the horizontal axis is the figure of merit Z [%]. If Z
exceeds 10 K, the efficiency is higher than 1%. Therefore, the output power of the TED is several
hundred kWatts for the ITER design, and the conversion efficiency may not be low because the
temperature difference is larger as 1500 K. Moreover, the cooling of the divertor may be easy because
of high thermal conductivity of SiC.

Efficiency, %

4

0 0.5 1.0 1.5 2.0 2.5 7 ><10_5, K_]

Fig. 2. Efficiency of thermoelectric divertor (TED) by using silicon carbide (SiC)
for temperature difference of 1500 K.
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Discussions and Future Perspective

The concept of SiC TED will be good for the divertor plate, but unfortunately the experimental
data is not enough at high temperature for SiC and the related materials in the present time. Therefore,
it would be good subjects to study. The connection with the metallic material is also important, and the
tungsten is used at the high temperature side and the copper should be connected as the electrode in
the proposal of Fig. 1. In this meaning, we should develop the connecting technology, and it is not
easy because the thermal expansions of these materials are not same usually. The plasma is one of
electric conducting media, and the resistivity along the magnetic field line is low because the electron
in the plasma can be moved easily along the field line. And it is high for the perpendicular direction of
the magnetic field. Moreover, the electrical resistivity is low for high temperature plasma. Therefore,
if we can set the TED along the magnetic field line, we may be able to omit the tungsten-plate
connection to make the TED. But the magnetic field configuration is controlled by the currents of the
magnet current and the plasma. However, when we look at the divertor configuration shown in Fig. 1
carefully, we can find many available settings for the TED.

The other idea is related with thermionic emission [12]. We bring the two electrodes into the
vacuum vessel as shown in Fig. 3. One is W-plate 1, and the other is W-plate 2. These are connecting
each other electrically by the magnetic field line and

plasma. And we should control that the surface Plasma
temperature of the W-plate 1 is set to be low and the / W-plate-2

W-plate 2’s is high. The setting of temperature

difference between two plates depends on the design of / e ' Wplate1
the plate and the control of plasma and the cooling : :

system operation. The system can operate as the --"\-r

thermionic emission generator if we connect the "’
electrode and the cables as shown in Fig. 3.

The radiation from high temperature plasma is

strong, and therefore we can expect the photon purpy
enhanced thermionic emission in this case, and the
solid angle of two plates for the plasma is not the same
in Fig. 3, it means that we can realize the temperature

v v

difference of these two surface plates. And if the
OUTPUT power

electrical connection between two plates is realized, we

can install the thermoelectric part behind the plates. Fig. 3. Concept of thermoelectric and photon

Because high temperature and/or high radiation flux enhanced thermionic emission divertor

plate can emit electron and low temperature plate Jor increasing the ouiput power.
adsorb the electron from plasma, the p-type semiconductor should be attached behind the high
temperature plate, and the n-type semiconductor should be connected to the low temperature plate.
Then, we can expect the power from both the thermoelectric and thermionic conversions from

proposed schemes. It is also important idea to apply the usual system that is not fusion reactor.

Acknowledgement

The authors thank to Prof. Atsuo liyoshi, Chancellor of Chubu University for his continuous
support of the research. The authors also thank to Prof. Lev Bulat, Head of Department of Electrical
Engineering and Electronics, St. Petersburg State University of Refrigeration and Food Engineering,

ISSN 1607-8829 Journal of Thermoelectricity Nel, 2013 45



S. Yamaguchi, Y. Ivanov, A. Sagara, M. Emoto, Y. Okamoto, H. Nakatsugawa, H. Kitagawa, M. Hamabe...
A proposal of thermoelectric divertor by using silicon carbide in nuclear fusion experiment

for his kind support, discussions and arrangement of the presentation in XIV Forum on
Thermoelectricity in Moscow, Russia.

References

1. A.W. Leonard, W. Suttrop, T.H. Osborne, T.E. Evans, D.N. Hill, A. Herrmann, C.J. Lasnier,
D.N. Thomas, J.G. Watkins, W.P. West, M. Weinlich, H. Zohm, Divertor Heat and Particle Flux
due to ELMs in DIII-D and ASDEX-upgrade, J. Nucl. Materials 241-243, 628-632 (1997).

2. A.Herrmann, T. Eich, S. Jachmich, M. Laux, P. Andrew, A. Bergmann, A. Loarte, G. Matthews,
J. Neuhauser, ASDEX Upgrade team, Contributors to EFDA-JET Work Programme, Stationary
and Transient Divertor Heat Flux Profiles and Extrapolation to ITER, J. Nucl. Materials 313-316,
759-767 (2003).

3. M.S. Tillack, A.R. Raffray, X.R. Wang, S. Malang, S. Abdel-Khalik, M. Yoda and D. Youchison,
Recent US Activities on Advanced He-cooled W-alloy Divertor Concepts for Fusion Power Plants,
Fusion Eng. Des. 86, 71-98 (2011).

4. A.S. Kukushkin, H.D. Pacher, G. Federici, G. Janeschitz, A. Loarte, G.W. Pacher, Divertor Issues
on ITER and Extrapolation to Reactors, Fusion Eng. Des. 65, 355-366 (2003).

5. A.Sagara, O. Motojima, K. Watanabe, S. Imagawa, H. Yamanishi, O. Mitarai, T. Satow, H. Tikaraishi,
FFHR Group, Blanket and Divertor Design for Force Free Helical Reactor (FFHR), Fusion Eng. Des.
29, 51-56 (1995).

6. D.N. Hill, A review of ELMs in Divertor Tokamaks, J. Nucl. Materials 241-243, 182-198 (1997).

7. T. Tsunematsu, The Scaling Law of Energy Confinement Time for ITER, Fusion Eng. Des. 15,
309-310 (1992).

8. P. Gavila, B. Riccardi, S. Constans, J.L. Jouvelot, 1. Vastra Bobin, M. Missirlian, M. Richou, High Heat
Flux Testing of Mock-ups for a Full Tungsten ITER Divertor, Fusion Eng. Des. 86, 1652-1655 (2011).

9. E. Visca, F. Escourbiac, S. Libera, A. Mancini, G. Mazzone, M. Merola and A.Pizzuto, Testing of
High Heat Flux Components Manufactured by ENEA for ITER Divertor, Fusion Eng. Des. 84,
309-313 (2009).

10. S. Yamaguchi, Thermoelectric Energy Conversion in Fusion Reactor, J. Plasma Fusion Res. 72,
1283-1291 (1996) (in Japanese).

11. S. Yamaguchi, Thermoelectric Conversion and its Application for Nuclear Fusion, J. Plasma
Fusion Res. 78, 19-35(2002) (in Japanese).

12. S. Yamaguchi, S. Ohyabu and O. Motojima, A Proposal for Divertor Cooling and Electric Power
Generation in Plasma Fusion Device, Proc. 1996 Int. Conf. on Plasma Physics (ICPP96) (Nagoya,
Japan, 1996), 1394-1397.

13. K. Koumoto, T. Seki, C.H. Pai and H. Yanagida, CVD Synthesis and Thermoelectric Properties of
Boron Carbide, J. Ceram. Soc. Jpn. 100, 853-857 (1992).

14.Y. Arita, K. Suzuki and T. Matsui, Development of High Temperature Calorimeter: Heat Capacity
Measurement by Direct Heating Pulse Calorimetry, J. Phys. Chem. Solids. 66, 231-234 (2005).

15. S. Fukuda, T.Kato, Y. Okamoto, H. Nakatsugawa, H. Kitagawa, S. Yamaguchi, Thermoelectric
Properties of Single-Crystalline SiC and Dense Sintered SiC for Self-Cooling Devices, Jpn. J. Appl.
Phys. 50,031301 (2011).

16. M. Bouchacourt, F. Thevenot, The Correlation Between the Thermoelectric Properties and
Stoichiometry in the Boron Carbide Phase B4C-BosC, J. Mater. Sci. 20, 1237-1247 (1985).

Submitted 14.12.2011.

46 Journal of Thermoelectricity Nel, 2013 ISSN 1607-8829




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /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 true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


