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Abstract Organic light-emitting devices (OLED) are ex-
tremely sensitive to moisture and oxygen. Without high-
performance hermetic seals, the life of these devices will
be limited. A large amount of desiccant has been used in
the packaging of OLED to ensure a dry environment. How-
ever, for top-emitter OLEDs, particularly for active matrix
displays where the OLEDs are directly integrated on top of
a thin film transistor (TFT) layer, the light must pass through
a transparent encapsulating layer above the OLED, leaving
little room to house the desiccant. Thus, a transparent layer
with embedded moisture getter, such as zeolite, would be
desirable. Here we report an effort to prepare such a trans-
parent composite film containing zeolite nanoparticles, and
show that such architecture is indeed possible.

Keywords Moisture getter - OLED - Nano-composite -
Zeolite - Transparent
1 Introduction

Organic light-emitting devices (OLED), due to its self-
luminescence and high contrast, have recently attracted
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much attention as a device to replace the current liquid crys-
tal displays (LCDs). OLED do not require back lighting,
and can be fabricated into lightweight, thin and flexible dis-
plays. A typical OLED is constructed by placing a stack of
organic electroluminescent and/or phosphorescent materials
between a cathode layer that can inject electrons and an an-
ode layer that can inject holes. When a voltage of proper
polarity is applied, holes injected from the anode and elec-
trons injected from the cathode combine and release energy
as light, thereby producing electroluminescence.

The organic electroluminescent materials employed in
such device are however extremely sensitive to moisture and
oxygen. In order to achieve a reasonable lifespan, the device
must be encapsulated in high-performance hermetic seals.
The gas barrier ability of the encapsulation has been one of
the major issues in the development of OLED devices. Since
completely impermeable encapsulation is still impossible, a
large amount of desiccant, such as calcium oxide or active
alumina, is encapsulated within the device to prolong the
lifespan of the device.

Zeolite is another well know desiccant materials, and has
been used in the florescence light as early as 1927 (MacRate
1927). Zeolite-resin composite desiccant had appeared in
electronics from 1990 (Shores 1993, 1994, 1997), while
Sud-Chemie AG developed a zeolite based moisture get-
ter for OLED in 2006 (Erdmann et al. 2006). However, the
transparency or the flexibility of the desiccant was never an
issue until the development of top emitting OLED (TOLED)
device.

Traditional Bottom-emitter (Substrate side emitting)
OLED is sealed via epoxy between a glass substrate and
nontransparent back lid, where a large amount of desiccant
could be fitted in. A top emitting OLED, on the other hand,
has a relatively transparent top electrode, through which the
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Fig. 1 Schematics of active top-emitting OLED. (Not to scale)

emitted light emitted goes into the environment. An im-
portant application of the top emitting device structure is
to achieve a monolithic integration on a polycrystalline or
amorphous silicon thin film transistors (TFT) that enable an
active matrix displays, as sketched in Fig. 1. The top emit-
ting OLED structures therefore increases the flexibility of
device integration and engineering, and is expected to be the
leading technology for flexible displays. However, there is
now little room left for the addition of desiccant or moisture
getter. The problem may be partially resolved if one could
have a transparent and flexible moisture getter which can
be fitted between the top encapsulation and the electrode
without obstructing the light. An obvious choice would be a
composite of adsorbent nanoparticles and polymers. A com-
posite moisture getter layer might become transparent if the
particle size of the adsorbent is below a quarter of the vis-
ible light wavelength, or if it refractive index matches that
of the matrix. Here we will present a study for the prepa-
ration of a transparent and flexible organic/inorganic nano-
composite with Beta zeolite nanoparticles and acrylic resin,
and demonstrate its potential as moisture getter film

2 Experimental

The beta zeolite nanoparticles were prepared from a clear
sol made of tetraethyl orthosilicate (TEOS), aluminum iso-
propoxide (AIP), Tetraethylammonium hydroxide (TEAOH)
and water at a molar ratio of 1 TEOS : 0.04 AIP : 0.36
TEAOH : 25 H,O. AIP was first dissolved in 35% TEAOH
then diluted with water before the drop wise addition of
TEOS. As the TEOS hydrolyzed, the pH value continuously
decreased and finally reached 12.82 when all TEOS was
hydrolyzed into a clear sol. It was then concentrated by a ro-
tary evaporator to ~29.5 wt% in terms of SiO», as described
previously (Hsu et al. 2005) for the synthesis of pure silicate
MFI nanoparticle. The transparent viscose sol obtained was
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heated in a PP bottle at 90 °C for 110 hrs until the appear-
ance of Tyndall scattering. It was transferred to a TEFLON
lined autoclave for hydrothermal reaction at 160 °C for 6 hrs.
A yellowish semi-transparent sol was obtained, which was
diluted to about 4 wt% and centrifuged at 23000 rpm (Beck-
man Avanti J-E) to separate the crystalline zeolite nanopar-
ticles from the amorphous part.

The centrifuged products were confirmed to be beta ze-
olite by XRD (not given) and FTIR (Jasco-410) analy-
sis. The materials remaining in the supernatant was X-Ray
amorphous. The best crystalline yield we could achieve
was about 50%. According to the ICP (JOBIN YVON
JY240) analysis, the Si/Al ratio of the beta zeolite obtained
was 18.9. This is slightly lower than the Si/Al = 25 recipe
used, indicating that the Si/Al ratio in the amorphous part
would be higher than 31. Gel with higher Si/Al ratio is more
difficult to crystallize (Mintova et al. 2006). This may be the
reason for the low crystalline yield.

The zeolite nanoparticles were then dispersed in aqueous
Nitric acid at a pH = 1.81 and centrifuge again to remove
the surface attached TEA™ template. The occluded template
in the zeolite pores was then oxidized at low temperature fol-
lowing the literature approach (Melian-Cabrera et al. 2005)
using Fenton reagents. Two repeated treatments of Fenton
reagents, lasted for 3 hr and 30 hr respectively, were needed
to completely remove the occluded template. The template-
free nanocrystals were then exchange with sodium ions in
1 M NaCl solution at 90 °C, and finally washed with IPA
before surface modification.

Methacryloxy-propyltrimethoxysilane (MPTMS) was
employed as the capping agent on the beta zeolite nanopar-
ticles to facilitate the blending with acrylic resins. The
grafting of MPTMS was conducted in toluene under re-
flux condition (110 °C/3 hr). The amount of MPTMS em-
ployed was 1 mmol/g zeolite. The modified zeolite was col-
lected by centrifuge and washed twice with methanol, and
finally dispersed in MEK for later compounding with acrylic
resins. The composite was prepared by adding the MEK dis-
persed zeolite to a commercial hard coat solution containing
roughly 37 wt% acrylic monomer and oligomers, 22.4 wt%
silica nanoparticles, 5.6 wt% UV initiator and the balance
MEK. Both the original composite and the zeolite added
composite were coated on glass plate with doctor blade of
100 um gap, and UV cured. The cured film was peeled off
for the adsorption measurement. The composite films were
baked at 200 °C, their maximum working temperature, for
12 hrs before degassed at the same temperature for 24 hr un-
der less than 10 Pa vacuum prior to the adsorption measure-
ment. For comparison, two beta zeolite powders were also
tested. The sample before silane modification was activated
at 450°C for 24 hr. The sample after silane modification
was degassed following the same protocol as the composite
film. The water adsorption isotherm was measured by vol-
umetric adsorption equipment (Micromeritics ASAP2020).
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The temperature was maintained at 27 °C. The dosage was
1 STP cc/g sample and the equilibration interval for each
dosage was set at 20 sec.

3 Results and discussion

Shown in Fig. 2 are the IR spectra of the samples at dif-
ferent process stages. The as synthesized beta zeolite con-
tain TEA™ template, which can be identified by the absorp-
tions of -NH and —CH3 at 1400 and 1480 cm™1, respec-
tively. The first dosage of the Fenton reagent was not able
to remove all of the occluded templates, as these peaks still
existed. Only after a second dose of Fenton reagents and
reacted over a longer period of time could the 1480 cm™!
peak be removed, but a weak amine peak still remained. This
peak probably came from the NHI cation that was produced
from the decomposition of the TEAT template and resided
in the zeolite cages to balance the charge of the framework
aluminum. Consequently, this peak was finally removed af-
ter the exchange with sodium ion. However, the intensity of
the 1640 cm™~! peak, corresponding to the adsorbed water,
increased after the ion exchange process. This was under-
standable since the bulkier NHI ion had been replaced by
the smaller sodium ion. After the silane treatment, a new
peak appeared at 1700 cm™!, which was the result of the
grafted methacrylic function group. Since part of the surface
is now covered with silane, the amount of adsorbed water
was reduced as indicated by the reduction of the 1640 cm™!
peak intensity. Clearly, the process of silane grafting was
not complete, as there were still hydrophilic sites remain-
ing. Notice also that the characteristic absorptions of beta
zeolite at 520 and 570 cm~! were distinct peaks for the
as-synthesized sample, but became broaden and overlapped
after the Fenton reagent treatment. This suggests that, al-
though the oxidative removal of templates occurred at low
temperature, the structure of the beta zeolite was nonethe-
less affected.

The removal of occlude template could also be con-
firmed by the thermal gravimetric analysis (Perkin Elmer
TAC 7/DX) shown in Fig. 3. According to Camblor et al.
(1998), the weight loss below 350 °C could be assigned to
the loss of water and the decomposition of the adsorbed
TEA™, while that after ~350°C were assigned to the two
stage combustion of the TEA™ balancing the framework
Al(OSi), species. For our sample, the Si/Al ratio was about
19, corresponding to ~3.2 Al™ per unit cell, or ~110 mg of
TEA™ per gram of zeolite. The extra weight loss observed
in this temperature range may be attributed to the decompo-
sition residues left from the lower temperature. According
to this and the IR analysis, the first Fenton reagent treatment
could only remove the physically adsorbed templates, but
had little effect on those electrostatic attached TEA™ inside
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Fig. 2 IR spectra of the beta zeolite nanoparticles at different stages
of the synthesis process

the framework, which required a long period of reaction af-
ter the second dose of Fenton reagent.

The particle size distribution (DLS particle size, Malvern
Nano-ZS) of the sample at different stages of the process is
displayed in Fig. 4. The as-synthesized sample had a very
narrow size distribution around 50 nm, which did not alter
much after the low temperature Fenton reagent and the ion
exchange treatments. The polydispersity index (PDI) of the
as-synthesized and the template-removed samples were 0.11
and 0.14, respectively, indicating a reasonable monomodal
particle size distribution. However, these particle size distri-
butions were measured as aqueous dispersion, while the pre-
ferred solvent for blending the nanoparticles and the acrylic
resin is MEK. It was impossible to disperse the template-
removed zeolite nanoparticle in MEK before grafting of
MPTMS. Unfortunately, as shown in Fig. 4, two size frac-
tions are observed after silane grafting, and the PDI in-
creased to 0.3, signifying the occurrence of some agglomer-
ations. The larger agglomerates were about 180 nm in size,
roughly a collection of 10 original nanoparticles. Neverthe-
less, since the size distribution in Fig. 3 was plotted in terms
of scattering intensity, which increases with the sixth power
of particle size, the actual volume percentage of the larger
agglomerates should be much smaller than suggested in the
figure, thus a transparent nanocomposite was still possible,
as demonstrated by the UV-Vis spectra in Fig. 5.

The room temperature water adsorption isotherm of the
beta zeolite nanoparticles was given in Fig. 6A. In here two

@ Springer
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and the ion exchanged samples were measured as aqueous dispersion,
while the silane grafted sample was measured as MEK dispersion
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posite sol containing 28.4 wt% of zeolite (C). The film thickness was
about 50 um

sets of isotherm data were showed, corresponding to the
two different degassing conditions. The amount of water
adsorbed was also compared to the literature (Bolis et al.
2006) value of beta zeolite (large crystal HB, Si/Al = 9.8,
600 °C/2h activation) as listed in Table 1.
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Table 1 Water adsorption -
capacity of the modified beta Degas temp. Degas duration @ 0.5 torr @ 5 torr
nanocrystals, the resin and the O (hr) (mg/g) (mg/g)
composite
n-Nap (Si/Al~19) 450 24 46.8 104
n-Nap (Si/Al~19) 200 24 20.5 51
silane modified
Bolis et al. 2006 600 2 42.8 89
(Si/Al=9.8)
Original hard coat 200 24 1.6 10
film
Hard coat film with 200 24 2.5 14
10 wt% (dry base)
silane modified n-Nag
zeolite added
12 A temperature degassing condition was that, when the zeolite
10 A) was silane grafted and embedded in acrylic resin, the maxi-
8 mum working temperature will be 200 °C. Thus it was nec-
. essary to establish the adsorption capacity of the low tem-
6 1 ke perature degassed sample.
SEE (b) A o= Although it is believed that the observed difference in ad-
é o [ g @ _ ____——"’—— sorption capacity came mainly from the change in activa-
k __---:_"____——"" 1) tion temperature, one can not preclude the effect of the hy-
'g o §==2 drophobic motifs grafted onto the surface after silane mod-
§ 204 (B) ification. However, this is a price we have to pay in order
g to make the zeolite compatible to and fully dispersible in
2 151 b the hydrophobic acrylic resin. Without such modification,
a) a transparent composite film would be impossible. Fortu-
1.0 + nately, according to the above results, at least half of the ad-
05 sorption capacity could be retained even after silane modifi-
cation and activated at a limited temperature. The remaining
0.0 ‘ ‘ ‘ question is whether such a composition meets the practical
0 2 4 6 8 requirements on a moisture getter.

Water vapor pressure [Torr]

Fig. 6 27°C water adsorption isotherms of the Na-beta zeolite
nanoparticles degassed at 450 °C for 24 hrs (A-a), silane modified
Na-beta zeolite nanoparticles activated at 200 °C for 24 hrs (A-b),
calculated isotherm for imbedded silica in the original hard coat
film (A-c), and specific adsorption capacity of the imbedded zeolite
in the modified hard coat film (A-d). Water adsorption isotherms of the
original hard coat film (B-@) and that of the zeolite added hard coat
film containing 10 wt% zeolite on dried base (B-b)

It was found that only after vacuum activation at 450 °C
could we reached the water adsorption capacity reported in
the literature. Under this condition, our sample had in fact
a slightly higher capacity, despite of a much smaller crystal
size. This may have come from the fact that a sodium ex-
changed form was used here instead of the hydrogen form.
However, for the silane modified nano-zeolite, where the de-
gassing temperature was limited to 200 °C, the water adsorp-
tion capacity was almost halved compared to that unmodi-
fied zeolite degassed at 450 °C. The reason we tested the low

According to its composition given in the experimental
section, the film produced by the hard coat solution contains
about 37 wt% silica nanoparticles. Although not as effective
as zeolite, these embedded silica particles also adsorb wa-
ter. Thus, as exhibited in Fig. 6B(a), there is a reasonable
moisture adsorption capacity for the hard coat film even be-
fore adding zeolite. If we assumed that the polymer part in
the hard coat film contributed nothing to the adsorption of
moisture, we could calculate the specific water adsorption
capacity of the embedded silica, which is plotted as the dash
line (c) in Fig. 6A. It is clear that under the same activation
condition, the embedded silica is far less effective a moisture
adsorbent than the silane modified zeolite.

By the addition of only 10 wt% zeolite into the hard coat
film, a substantial increase of the water adsorption capacity
was observed in Fig. 6B(b). The actual contribution of the
added zeolite could be deduced by subtracting the capacity
of the zeolite free hard coat film. The result was plotted as
dotted line (d) in Fig. 6A. It is observed that the specific
capacity of the embedded zeolite is just slightly lower than
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that measured with silane modified powder activated under
the same condition. Therefore, the acrylic matrix did reduce
the water adsorption capacity of the embedded zeolite but
not to a great extent.

Based on the above results, a rough estimation of the
required moisture getter compositions can be made. With
the current technology, a gas barrier film with water perme-
ation less than 10~ g/m? day is easily achievable, although
still about three orders of magnitudes away from accept-
able for OLED packaging. To remove the amount of wa-
ter penetrated in 10 years of expected product life, the re-
quired moisture getter capacity would be about 3.6 g/m?, or
0.37 mg/cm?, which was the reported value of commercial
nontransparent moisture getter (SAES Dryflex, ~130 pm)
(SAES Getters 2006). If this was expected on a 100 um
thick transparent getter film, the water adsorption (absorp-
tion) capacity would have to be about 3 wt%, assuming a
composite density of ~1.2 g/mL. Based on the above ad-
sorption data, one must include at least 50 wt% of zeolite in
acrylic matrix to achieve such capacity at below 1 torr wa-
ter vapor pressure. The challenge however should be to keep
the transparency and processibility of the composite at such
a high zeolite loading.

Currently, the best we could achieve in a transparent com-
posite is ~20 wt% in zeolite loading, as demonstrated in
the picture given in the supporting information. To further
increase the zeolite loading without hampering the trans-
parency, a better control of the particle size distribution must
be achieved, in particularly during the silane modification
step. Clearly, if we were to expect higher water adsorption
capacity with less zeolite loading, the zeolite must be fully
dehydrated before silane grafting, and the following surface
modification, compounding and coating must all be done in
a moisture-free condition until the completion of the pack-
aging process. Luckily, such moisture free operations are
the standard practice in the OLED packaging industry. As
demonstrated by our data, the adsorption capacity of 450 °C
degassed zeolite is at least twice of that degassed at 200 °C.
A substantial improvement could be achieved if the silane
grafting, resin compounding and the OLED encapsulation
steps could all be performed in a moisture-free environ-
ment right after the activation of zeolite at high temperature.
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Based on such expectation, the transparent composite mois-
ture getter film having only 20% zeolite might already be
enough to prolong the life of an OLED device to more than
4 years. Such an expected life span would be acceptable in
some commercial applications.

4 Conclusion

Making zeolites into nanoparticles enables the extension of
its old application as desiccant into new domains. Unlike the
traditional adsorption process, where one is more concern
with the regeneration and process efficiency, new applica-
tions may put more emphasis on how to place the required
adsorbent in the right position and having other functions.
Similar situations may also be true for other adsorbents such
as active carbons and the likes.

References

SAES Getters: DryFlex data sheet (2006). www.seasgetters.com

Bolis, V., Busco, C., Ugliengo, P.: Thermodynamic study of water ad-
sorption in high-silica zeolites. J. Phys. Chem. B 110(30), 14849—
14859 (2006)

Camblor, M.A., Corma, A., Valencia, S.: Characterization of nanocrys-
talline zeolite beta. Micropor. Mesopor. Mater. 25(1-3), 59-74
(1998)

Erdmann, E., Schall, N., Kirtikar, A.: Getter paste for OLED applica-
tion. SID digest, P-63 (2006)

Hsu, C.Y., Chiang, A.S.T., Selvin, R., Thompson, R.W.: Rapid synthe-
sis of MFI zeolite nanocrystals. J. Phys. Chem. B 109(40), 18804—
18814 (2005)

MacRate, D.: Getter and method of applying the same. Westinghouse
Lamp Co. US patent 1,626,682 (1927)

Melian-Cabrera, 1., Kapteijn, F., Moulijn, J.A.: Room temperature de-
templation of zeolites through H>O»-mediated oxidation. Chem.
Commun. 21, 2744-2746 (2005)

Mintova, S., Valtchev, V., Onfroy, T., Marichal, C., Knozinger, H.,
Bein, T.: Variation of the Si/Al ratio in nanosized zeolite veta crys-
tals. Micropor. Mesopor. Mater. 90(1-3), 237-245 (2006)

Shores, A.A.: Enclosure for electronic devices. US patent 5,244,707
(1993)

Shores, A.A.: Moisture and particle getter for enclosures. US patent
5,304,419 (1994)

Shores, A.A.: Moisture getting composition for hermetic microelec-
tronic devices. Alpha fry limited. US patent 5,591,379 (1997)


http://www.seasgetters.com

	Flexible and transparent moisture getter film containing zeolite
	Abstract
	Introduction
	Experimental
	Results and discussion
	Conclusion
	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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 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 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /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 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. 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 best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <FEFF004a006f0062006f007000740069006f006e007300200066006f00720020004100630072006f006200610074002000440069007300740069006c006c0065007200200037000d00500072006f006400750063006500730020005000440046002000660069006c0065007300200077006800690063006800200061007200650020007500730065006400200066006f00720020006f006e006c0069006e0065002e000d0028006300290020003200300031003000200053007000720069006e006700650072002d005600650072006c0061006700200047006d006200480020>
  >>
  /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 /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


