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Active Recycling Control Through
Lithium Injection in EAST
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R. Maingi, R. Lunsford, A. Diallo, D. Mansfield, T. Osborne, K. Tritz, and EAST Team

Abstract— The coating of tokamak walls with thin layers of
lithium has been demonstrated to reduce plasma recycling from
the plasma-facing surfaces and to improve overall plasma per-
formance. These effects, including reduced divertor Dα emission,
the elimination of edge-localized modes, and increased energy
confinement have been observed in multiple experiments when
lithium coatings are applied before plasma discharges. However,
this coating technology does not extrapolate to future long-pulse
devices, since the lithium coatings will be passivated by the
continual plasma flux onto the surface. In order to provide active
conditioning capability, a new technology has been developed
that is capable of injecting lithium powder into the scrape-off
layer plasma during plasma discharges, where it quickly liquefies
and turns into an aerosol. The use of this “lithium dropper”
is under study at the Experimental Advanced Superconducting
Tokamak (EAST), where the potential benefits of real-time
wall conditioning via lithium injection are being tested. Here,
we present an analysis of the recycling characteristics during
EAST experiments testing active lithium injection in order to
assess recycling reduction and control. Lithium aerosol was
injected from the top of the machine, with one system dropping
lithium near the X-point and another into the low-field side
divertor leg. The injection of lithium into the SOL reduced
divertor recycling, as evidenced by reduced Dα emission with
ion flux measured by probes relatively unchanged. This effect
is strongest in the active divertor, confirming the lithium is
transported to strongly plasma-wetted areas. Quantitative analy-
sis of the recycling changes using the SOLPS edge plasma and
neutral transport code indicated a ∼20% reduction in recycling
coefficient with lithium injection.

Index Terms— Divertor, Experimental Advanced Supercon-
ducting Tokamak (EAST), lithium wall coatings.
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I. INTRODUCTION

THE coating of plasma-facing components (PFCs) with
thin layers of lithium has been shown to improve plasma

performance, for example, by eliminating edge-localized
modes (ELMs) and increasing energy confinement [1]–[6].
This is thought to be in part related to the reduction in particle
recycling of plasma ions from the PFCs as neutrals, an effect
both expected and observed when deuterium plasma is incident
on a reactive lithium surface [7]. However, many of these
effects have been observed in experiments where evaporative
coatings were applied prior to plasma discharge initiation,
with no replenishment of the coatings while the plasma was
present [8]. This method does not clearly extrapolate to long-
pulse devices, where the plasma will eventually passivate
the lithium surface and negate its impact on recycling and
confinement.

Recently, a new lithium injection technology has been
developed that is capable of dropping a lithium powder directly
into the plasma during operations [9]. Lithium droppers of this
type have been tested in the Experimental Advanced Supercon-
ducting Tokamak (EAST) [5], DIII-D [6], and carbon-walled
NSTX [10], with NSTX and EAST showing the potential
to control divertor recycling similar to that achieved with
predischarge lithium coatings. This provides the potential for
active recycling control during long-pulse plasmas, as well as
more efficient application of lithium coatings as the plasma
transport naturally deposits lithium where the plasma flux is
high. Here, we present the results of recent tests of this active
wall conditioning technique on the EAST tokamak, using
tungsten as the plasma-facing material in the active divertor.

II. SETUP OF EXPERIMENTS

Experiments were carried out on EAST [11] testing the
ability of real-time lithium injection via the powder dropper
technology to provide active wall conditioning. The dropper
relies on a piezoelectric crystal driven at resonant frequencies
to cause lithium power particles to random walk to an opening
through which they fall directly into the EAST plasma [9].
By varying the applied voltage on the crystal, the mass flow
rate of lithium into the plasma can be controlled. Lithium
injection was tested in upper single-null plasmas, which put
the primary plasma flux into the upper tungsten divertor; the
plasma boundary shape and lithium injection locations are
shown in Fig. 1. This configuration allows tests of lithium
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Fig. 1. Setup of lithium droppers using upper single-null plasma shape.

coatings of tungsten, for which few lithium studies have been
performed. Most lithium results have so far been obtained with
carbon walls (which could result in a different chemistry [12]
than tungsten). Two injectors were used in these experiments,
one dropping lithium on the low-field side of the plasma,
and the other injecting near the X-point; both injectors were
used simultaneously in the experiments described here. Since
the lithium is then transported by the plasma to the walls,
it expected that high-flux regions of the PFCs will be pref-
erentially coated. Hence, wall conditioning will be naturally
applied to locations where it is most effective.

Real-time lithium injection was tested in high-performance
noninductive plasmas. These had a plasma current Ip of
0.45 MA, toroidal magnetic field of Bt = 2.5 T, and were
sustained using a total auxiliary heating power of Paux =
3.5 MW (making use of a combination of lower hybrid, ion
cyclotron, and electron cyclotron heating systems). Time traces
from discharges without and with active lithium injection are
shown in Fig. 2. Although lithium coatings were applied to
the walls at the beginning of the run day via evaporative
ovens, these experiments were performed after several hours
of plasma operation which passivated the original lithium
layer. Thus, the discharge without lithium injection showed
relatively high recycling and the presence of robust ELMs.
Lithium injection begins at 2.5 s, as illustrated in Fig. 2.
Over several seconds during the discharge, this results in a
strong reduction in Dα emission due to deuterium recycling
in the upper divertor, as well as some modification in the
ELM behavior.

III. PARTICLE RECYCLING RESPONSE

TO LITHIUM INJECTION

The recycling characteristics and their response to lithium
injection have been analyzed in more depth to assess the
viability of lithium injection to actively control the PFC
recycling coefficient. Dα emission is used as a measure of
the rate at which the neutrals originating from recycling of

Fig. 2. Time traces of (a) plasma current, (b) stored energy, (c) line-averaged
density, and (c) upper divertor Dα emission without (black) and with (red)
intrashot lithium injection.

Fig. 3. Dα (a) lines of sight and brightness profile at t = 7 s with lithium
injection (70 099) normalized to that without lithium injection (70 096) in the
(b) upper and (c) lower divertors.

deuterium ions off the PFC surface are ionized, since the ratio
of photons emitted to the ionization rate is fairly constant
over a broad range of plasma conditions [13]. Fig. 3 shows
the ratio of Dα brightness measured with lithium injection
to that measured without, for t = 7 s where the lithium
injection effect is strong. The effect is strongest in the upper
divertor, with lithium injection reducing Dα brightness by
approximately 50% across both the outer and inner divertors.
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Fig. 4. Time traces of (a) and (c) peak and (b) and (d) total ion flux
in (a) and (b) inner and (c) and (d) outer divertors without (black) and with
(red) lithium.

The outer upper divertor shows slightly stronger reduction
than the inner divertor (55% compared to 45%). The effect is
much weaker in the lower divertor, where emission is reduced
by less than 20% across the divertor, with reduction of only
5%–10% observed near the plasma strike points. That emission
is reduced preferentially on the upper divertor supports the
expectation that lithium injected into the plasma will flow
primarily to the active divertor, providing conditioning directly
in locations where plasma fluxes are highest.

The behavior of the particle flux measured by divertor
Langmuir probes [14] without and with lithium injection is
shown in Fig. 4. The impact of lithium injection is much
weaker on the ion flux in the upper divertor than it is on
the Dα emission. On the inner divertor, both the peak and
total ion flux are essentially unchanged between the control
and lithium injection cases. The outer divertor measurements
show a stronger effect of lithium. The peak ion flux shows
only a slight decrease later in the discharge with lithium
injection, but the total ion flux integrated across the outer
divertor shows a decrease of ∼20% with lithium during the
same time in the discharge when the Dα emission is reduced.
Overall, the weaker change in the divertor ion fluxes indicates
that the reduction in neutral light emission is not simply due to
lower ion fluxes but instead indicates a change in the recycling
coefficient R relating the neutral flux off of the divertor to
the incident ion flux as �neutral = R�ion. The ratio of the
Dα emission to total ion flux in the inner and outer divertors
is shown in Fig. 5, in order to assess the degree to which
the divertor recycling coefficient R is affected by the lithium
injection. Since the Dα emission is proportional to the neutral
flux, the strong reduction in Dα /�ion of 50% on the inner
and 30% on the outer divertor indicates that R is indeed being
reduced by lithium.

Fig. 5. Time traces of Dα normalized to ion flux (Dα /�ion) in the (a) upper
and (b) lower divertor without (black) and with (red) lithium injection.

Fig. 6. Measured edge density profile without (blue) and with lithium
injection (red). SOLPS profile shown as black solid curve.

IV. MODELING OF CHANGES TO RECYCLING COEFFICIENT

Modeling of the recycling behavior has been performed
using the SOLPS suite of codes [15], which couple a 2-D fluid
plasma model B2.5 [16] to the EIRENE [17] Monte Carlo
neutral transport code. Plasma transport is modeled as classical
parallel to the magnetic field, with ad hoc transport coefficients
specified for cross-field transport. Here, an iterative method
is used to adjust the cross-field diffusivity to match the
experimental data following the procedure outlined in [7].
Density profile data are obtained via profile reflectometry and
show similar densities in the SOL with and without lithium
injection as shown in Fig. 6. Due to this similarity, a constant
density profile is used in the SOLPS modeling described
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Fig. 7. Variation in (a) total particle flux, (b) Dα emission, and (c) ratio
of Dα to ion flux in the outer divertor as recycling coefficient is varied in
SOLPS simulations with constant upstream density.

here, as indicated in the SOLPS curve in Fig. 6. For the
electron and ion heat diffusivities, a constant value of 2 m2/s
is assumed; in principle, these can also be constrained by
measured temperature and divertor heat flux profiles, but this
is left to future work as the particle behavior is of primary
interest here.

Results of scans of the divertor recycling coefficient are
shown in Fig. 7, using fixed measured density profiles as
described above. As the recycling coefficient approaches
R = 1, the outer divertor enters the high-recycling regime [18]
with rapidly increasing total ion flux to the outer divertor.
In this case, the ion flux is much higher (by a factor of
more than two) than is measured. As R is reduced from
unity, the ion flux is rapidly reduced initially, with a more
gradual decrease at the lower values of R; the modeled Dα

emission shows a qualitatively similar reduction with R. The
total ion flux to the outer divertor from SOLPS matches the
experimental value for the case without lithium at R ∼ 0.8.
A reduction in R from 0.8 to 0.6 results in a reduction in
ion flux by 25%, Dα emission by ∼50%, and Dα /�ion ratio
by 25%. All of these reductions are reasonably consistent
with the experimentally measured reductions, indicating that
lithium injection reduces R by ∼20%.

Since the absolute density has some uncertainty due to,
e.g., uncertainty in the exact spatial location with respect to the
separatrix, sensitivity of the calculated change in R has been
checked by performing a second set of SOLPS runs with the

Fig. 8. Variation in (a) total particle flux, (b) Dα emission, and (c) ratio
of Dα to ion flux in the outer divertor as recycling coefficient is varied in
SOLPS simulations with upstream density reduced 35%.

midplane profiles reduced by 35%. This gives a set of runs that
avoid the high-recycling regime for all values of R, and yield
a cross-check of the relative reduction in R that is consistent
with the changes in ion flux and divertor emission. As shown
in Fig. 8, for these runs the modeled ion flux agrees with
experiment near R = 1. Reducing the recycling coefficient
to R ∼ 0.8 results in a decrease in Dα by ∼45% and in
Dα /�ion ratio by 25%, again consistent with experiment. Thus,
although the absolute value of R is not sufficiently constrained
by data at this point, a reduction in R by ∼20% from the
value that matches the measured particle flux is consistent with
the experimental changes in ion flux and recycling emission.
In order to more conclusively determine the absolute value
of R, further measurements would be needed to constraint the
modeling, such as including upstream temperature and divertor
heat flux measurements; this will be the focus of the future
research.

V. CONCLUSION

The real-time injection of lithium power into EAST plasmas
has demonstrated the potential for this technique to provide
active control over divertor recycling. Following injection,
strong decreases to the Dα emission and relatively weak
changes to the divertor ion flux indicate that the real-time
replenishment of the lithium coating is effective in main-
taining a reduced recycling coefficient in the active divertor.
Modeling of the Dα and ion flux behavior using the SOLPS
code indicates a relative change to the recycling coefficient
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of �R ∼ 20%. Although these results indicate the relative
change in R due to lithium injection, further data constraints
are needed to establish the absolute value of R. Quantitative
determination of R will be an important part of the future
research, since this is critical to establishing the total particle
removal and the degree to which it is increased with lithium
injection. While these results indicate that lithium may provide
particle control for long pulse operations, these results have
been obtained with fairly low flux levels into the divertor.
Future research should include tests at higher absolute fluxes
to test the technique under higher particle loading conditions.

REFERENCES

[1] R. Maingi et al., “The effect of progressively increasing lithium coatings
on plasma discharge characteristics, transport, edge profiles and ELM
stability in the national spherical torus experiment,” Nucl. Fusion,
vol. 52, no. 8, p. 083001, 2012.

[2] R. Maingi et al., “Edge-localized-mode suppression through density-
profile modification with lithium-wall coatings in the national spherical
torus experiment,” Phys Rev. Lett., vol. 103, no. 7, p. 075001, 2009.

[3] J. M. Canik et al., “Edge transport and turbulence reduction with
lithium coated plasma facing components in the national spherical torus
experiment,” Phys. Plasmas, vol. 18, no. 5, p. 056118, 2011.

[4] D. K. Mansfield et al., “Transition to ELM-free improved H-mode by
lithium deposition on NSTX graphite divertor surfaces,” J. Nucl. Mater.,
vols. 390–391, pp. 764–767, Jun. 2009.

[5] J. S. Hu et al., “New steady-state quiescent high-confinement plasma in
an experimental advanced superconducting tokamak,” Phys. Rev. Lett.,
vol. 114, no. 5, p. 055001, 2015.

[6] T. H. Osborne et al., “Enhanced H-mode pedestals with lithium injection
in DIII-D,” Nucl. Fusion, vol. 55, no. 6, p. 063018, 2015.

[7] J. M. Canik et al., “Measurements and 2-D modeling of recycling
and edge transport in discharges with lithium-coated PFCs in NSTX,”
J. Nucl. Mater., vol. 415, no. 1, pp. S409–S412, 2011.

[8] M. G. Bell et al., “Plasma response to lithium-coated plasma-facing
components in the national spherical torus experiment,” Plasma Phys.
Controlled Fusion, vol. 51, no. 12, p. 124054, 2009.

[9] D. K. Mansfield et al., “A simple apparatus for the injection of lithium
aerosol into the scrape-off layer of fusion research devices,” Fus. Eng.
Des., vol. 85, no. 6, pp. 890–895, 2010.

[10] G. P. Canal, R. Maingi, T. E. Evans, S. M. Kaye, and D. Mansfield,
“Study of the impact of pre- and real-time deposition of lithium on
plasma performance on NSTX,” in Proc. SOFE, 2017.

[11] J. Li et al., “A long-pulse high-confinement plasma regime in the
experimental advanced superconducting tokamak,” Nature Phys., vol. 9,
pp. 817–821, Nov. 2013.

[12] P. Krstic et al., “Deuterium uptake in magnetic-fusion devices with
lithium-conditioned carbon walls,” Phys. Rev. Lett., vol. 110, no. 10,
p. 105001, 2013.

[13] L. C. Johnson and E. Hinnov, “Ionization, recombination, and population
of excited levels in hydrogen plasmas,” J. Quant. Spectrosc. Radiat.
Transf., vol. 13, no. 4, pp. 333–358, 1973.

[14] J. C. Xu, “Upgrade of Langmuir probe diagnostic in ITER-like tungsten
mono-block divertor on experimental advanced superconducting toka-
mak,” Rev. Sci. Instrum., vol. 87, no. 8, p. 083504, 2016.

[15] R. Schneider et al., “Plasma edge physics with B2-eirene,” Contrib.
Plasma Phys., vol. 46, nos. 1–2, pp. 3–191, 2006.

[16] B. J. Braams, “Radiative divertor modelling for ITER and TPX,”
Contrib. Plasma Phys., vol. 36, nos. 2–3, pp. 276–281, 1996.

[17] D. Reiter, M. Baelmans, and P. Börner, “The EIRENE and B2-EIRENE
codes,” Fusion Sci. Techol., vol. 47, no. 2, pp. 172–186, 2005. [Online].
Available: http://www.eirene.de

[18] P. C. Stangeby, The Plasma Boundary of Magnetic Fusion Devices.
London, U.K.: Institute Physics, 2000.

Authors’ photographs and biographies not available at the time of publication.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Arial-Black
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /ComicSansMS
    /ComicSansMS-Bold
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FranklinGothic-Medium
    /FranklinGothic-MediumItalic
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /Impact
    /Kartika
    /Latha
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaConsole
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSansUnicode
    /Mangal-Regular
    /MicrosoftSansSerif
    /MonotypeCorsiva
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MVBoli
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Raavi
    /Shruti
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /Vrinda
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. 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 PDFs that match the "Required"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


