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2.1 Overview

Zeolites are most well known for their adsorption, separation and acidic properties
in the petroleum and chemicals industry.! The basic properties of zeolites are less well
understood, although many syntheses could benefit from the shape selectivity afforded by
zeolite supported base catalysts. Since the discovery of Pines et al. that sodium metal
supported on alumina is active for the double-bond migration of olefins,” there has been an
interest in heterogeneous base catalysis and thus the basic properties of zeolites.”> The
presence of carbanions during base catalysis results in product profiles not easily obtainable
by acid catalysis and desirable in fine chemical synthesis. Base catalyzed reactions of
particular interest are the double bond isomerization of olefins, side chain alkylation of
aromatics, dehydrogenation of alcohols, Michael additions, and the Knoevenagel
condensation of aldehydes.”'” This study, however, focuses on the generation of a novel
zeolite supported super-base capable of shape selective carbon-carbon olefin addition to
alkyl aromatics. The industrially relevant alkenylation of o-xylene with 1,3-butadiene to
produce 5-ortho-tolyl-pent-2-ene (5-OTP) is currently catalyzed over sodium-potassium
eutectic'® and is used as a probe reaction due to its requirement of very strong basic sites.
The product 5-OTP is a precursor to the valuable high performance polyester polyethylene

naphthalate (PEN).



2.2 An industrial application: Production of polyethelene naphthalate

Polyethylene naphthalate (PEN) is a high—performance, thermoplastic polyester
that effectively fills the performance gap between polyethylene terephthalate (PET) and
high priced, high performance polyimide and polyamide films. The structures of PEN, its
precursors dimethyl-2,6-naphthalenedicarboxylate (2,6-NDC) and 2,6-
naphthalenedicarboxylic acid (2,6-NDA), and PET are given in Figure 2.1. Due to its
naphthalate double ring structure, PEN exhibits superior thermal, mechanical, electrical,
and chemical barrier properties over its terephthalate and benzene ring counterparts, as
illustrated in the comparison between PEN and PET films (Table 2.1)."® Consequently,
several companies have expressed interest in PEN. Goodyear hoped to use PEN fibers for
tire radial belts, while 3M was interested in using PEN for magnetic recording tape.
Furthermore, because of its superior permeability and thermal properties, there has been a
large interest in PEN for packaging applications. Plastic beer bottles, improved carbonated
beverage containers and hot fill containers are some examples of PEN’s packaging

applications.
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Figure 2.1: Structure of polyethylene naphthalate (PEN) and its precursors dimethyl-2,6-
naphthalenedicarboxylate (2,6-NDC) and 2,6-naphthalenedicarboxylic acid (2,6-NDA) in
comparison to polyethylene terephthalate (PET).

Property PEN PET
Young’s Modulus (Mpa) 5200 3900
Glass Transition (°C) 122 80
Thermal Rating (°C) 155 105
Oligomer Extraction (mg/m®)’ 0.8 20
Hydrolytic Resistance (hr) 200 50
Radiation Resistance (MGy)* 100 2
Thermal Shrinkage (%) 0.6 1.3
Oxygen Permeability (cm’/m*/day/atm)” 20 56

* 1 hrin chloroform @ 23°C

1 time to retain 60% elongation at 130°C

I dose to retain 50% elongation to y-rays in vacuum
# 30 min at 150°C

+25um film

Table 2.1: Properties and PEN and PET films, adapted from reference [18].

The first world scale plant for the production of PEN was constructed in 1995 by
BP-Amoco, testifying to the large difficulties involved with successful commercialization
of'a PEN production process. Further large scale production is restricted by the production

cost of the PEN precursors, dimethyl-2,6-naphthalenedicarboxylate (2,6-NDC) and 2,6-
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naphthalenedicarboxylic acid (2,6-NDA) (Fig. 2.1). Hence, the use of PEN is currently

limited to specialty applications. The enormous potential market for PEN, however, has
driven research towards the efficient synthesis of 2,6-NDA and 2,6-NDC for decades.

Several routes to the synthesis of PEN precursors have been investigated. Even
before the semi-commercial introduction of PEN to the marketplace in 1970 by Teijin, a
significant amount of research had been devoted towards the development of an
economical process for the production of 2,6-NDC and 2,6-NDA.'® The first attempts at
2,6-NDC and 2,6-NDA production were based on refinery stream isolation of monomethyl
naphthalenes from naphthalene production feedstock. These endeavors were quickly
abandoned due to lack of adequate supply. Several synthetic routes were subsequently
investigated, including di-iodonaphthalene carbonylation, transcarboxylation of
naphthalene, alkyl aromatic acylation, alkyl aromatic base-catalyzed condensations, and
various aromatic alkylations. These routes and others are discussed in detail elsewhere.'®
Most of these syntheses were abandoned due to poor economics or environmental
concerns.

The route chosen by BP-Amoco for the production of 2,6-NDA and 2,6-NDC is the
oxidation of 2,6-dimethyl naphthalene (2,6-DMN). 2,6-DMN can be produced by the
alkenylation of o-xylene with 1,3-butadiene to 5-OTP followed by subsequent cyclization,
dehydrogenation, and isomerization. The four-step BP-Amoco reaction scheme to 2,6-
DMN is shown in Scheme 2.1. This scheme allows the commercial production of 40,000
tons per year of 2,6-NDA. Despite BP-Amoco’s success in commercialization of the 2,6-
NDA process, the cost of PEN remains prohibitive for general application use mainly due

to difficulties in the first step of 2,6-DMN synthesis, the alkenylation of o-xylene with 1,3-
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butadiene. The remaining steps are all high yield, high selectivity reactions. The

difficulty associated with alkenylation of o-xylene with 1,3-butadiene is due to the
requirement of a very strong basic site to catalyze the reaction. Conventional bases, such
as alkali—metal oxides and alkali—metal exchanged zeolites are not powerful enough for
the alkenylation reaction. Thus, the catalyst used in the process is a bulk sodium-potassium
eutectic alloy of 22 wt% sodium and 78 wt% potassium.'® Aside from the obvious
handling and safety issues associated with using such a reactive catalyst, the NaK alloy is
not highly selective to 5-OTP. As a result, conversion of the alkenylation reaction is

limited to 10% with a large recycle to ensure a high selectivity to 5-OTP.
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- > 1,6-DMN

2,6-DMN
Scheme 2.1: Sequential production scheme for 2,6-DMN; a) alkenylation, b) cyclization,
c¢) dehydrogenation, d) isomerization. 2,6-DMN is subsequently oxidized to 2,6-NDA.

2.3 Zeolites as basic catalysts

Zeolites are microporous crystalline materials formed from the condensation of
Si04 and AlOy4 tetrahedra (Scheme 2.2). The aluminum tetrahedra result in negatively
charged oxygen atoms within the framework of the zeolite which are balanced by cations,
often in the form of alkali—metal ions. The negatively charged oxygen centers act as base

sites within the zeolite. The number of alumina tetrahedra present in a given zeolite, and
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thus the number of framework base sites, can be controlled during synthesis or modified

post-synthesis by de-alumination."

- 0
C|) O\ /O\S_/O
O/Sf,,4 §<§1 5‘
{ o 00 00
: y o

0O
1,
Off/o
L O

Scheme 2.2: Condensation of SiO4 and AlO, tetraheda to form the alumosilicate
framework of a zeolite.

Various methods of modifying the nature of alkali—metal cations have been used
to vary the basic strength of oxygen in the zeolite framework. A summary of alkali—metal
modified zeolites and the base reactions they catalyze is presented in Table 2.2. The most
straightforward way to adjust the basic strength of the oxygen centers is to vary the
balancing cation of the oxygen. The more electropositive the cation, the more basic the
oxygen site will become. This approach yields only weakly basic materials. Basicity of
the material can be increased by occluding alkali—metal oxides within the pores of the
zeolites by thermal decomposition of a previously impregnated alkali—metal precursor

7,10,15,20,21

such as the corresponding acetate salt. The resulting zeolite occluded alkali—

metal oxides are capable of base catalyzed 1-butene isomerization, side-chain alkylation of
aromatics with methanol and dehydrogenation of alcohols. These basic materials,

. . . . : 152122
however, are unable to activate aromatics for side-chain olefinic alkenylation. ™"
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5 || Type of Zeolite Catalyzed Reactions References
§ AlKkali-ion exchanged | butene isomerization 15,20
§' alkylation of toluene with methanol | 6,11,16
& || Occluded alkali-oxide | butene isomerization 20,21
§ Knoevenagel condensation 10
] Michael addition 12,23
) dehydrogenation of isopropanol 15,24,25
< Occluded alkali— butene isomerization 21,26
metal clusters aldol condensation 27
alkenylation of aklylbenzenes 21,2527

Table 2.2: Base catalyzed reactions facilitated by alkali—metal modified zeolite supports.

Unlike occluded alkali—metal oxides, occluded alkali—metal clusters are capable
of side-chain alkenylation of aromatics. Using sodium occluded in faujasite, for example,
ethylation of toluene, ethylbenzene and i-propylbenzene has been demonstrated over a
fixed bed, gas phase reactor.”’?’ Alkenylation of o-xylene with 1,3-butadiene over cesium-
and sodium-occluded faujasites has also been demonstrated, although it was performed in a
semi—batch reactor.”>* In this report, cesium and sodium occluded within the pores of
zeolite X were catalytically active for alkenylation of o-xylene with 1,3-butadiene to yield
5-OTP, but were not nearly as active as bulk potassium in the semi—batch phase.
Occluded potassium was not studied. A summary of these data are collected Table 2.3.
The catalytic behavior of the occluded sodium is particularly interesting, since bulk sodium
does not catalyze the alkenylation reaction in the time frame studied. The discontinuity
between the bulk and occluded behavior of sodium is not completely surprising, however,
since various other studies have found discrepancies between bulk and occluded behavior.
As an example, *>Cs NMR has been used to show that cesium-oxide occluded in zeolite Y
experiences a vastly different electronic environment than bulk cesium-oxide.* Similarly,

Li et al. used temperature programmed reduction to show that the chemical properties of
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mixed Sb-V oxides supported in zeolite beta are vastly different than their bulk

analogues.” Based on the results of Davis and co-workers and the unusual properties of
confined species compared to their bulk analogues, it seems that occlusion of potassium
metal or sodium-potassium alloys within the zeolite could result in novel zeolite supported
materials capable of the alkenylation of o-xylene with 1,3-butadiene, and generally, of the
carbon-carbon addition of olefins to alkyl aromatics. It is with this in mind that the present

study was initiated.

Catalyst ]ll}llf::;:;ir Conversion izlgfg‘;g’
Na metal - - -

K metal 433 10.5 91.6
NaN3z/NaX 5.5 39 86.4
CsN3/NaX 12.3 13.9 89.9
NaN;3/KX 14.0 9.2 85.3

Table 2.3: The alkenylation of o-xylene with 1,3-butadiene over alkali—metal occluded
zeolite X as reported by Davis and co-workers.”**’

Several other methods for modifying the basic properties of zeolites are discussed
in the review by Weitkamp, Hunger, and Rymsa.> Impregnation of sodium exchanged
zeolite Y with liquid lanthanides in ammonia, followed by calcination results in amide and
imide species within the pores of the zeolite. These lanthanide catalysts have been shown
active for double-bond isomerization of butenes. Additionally, organic bases may be
incorporated into zeolites. When N, N’-dicyclohexylcarbodiimide is reacted with
cyclohexylamine in the supercages of dealuminated zeolite Y, encapsulated N,N’,N -

tricyclohexylguanidine is formed and is too large to diffuse from the interior cages of the
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zeolite. This particular “ship-in-a-bottle” technique results in only weakly basic

materials unsuitable for use in the current study. Additionally, basic activity for
Knoevenagel condensation due to terminal -NH, and —NH groups has been observed in
faujasites treated with ammonia at high temperature.'” These catalyst, however, do not

posses the required base strength to be included in this study.

2.4 Strategy for the synthesis of a novel zeolite supported super-base

Due to reports that strongly basic catalysts can be formed from the occlusion of

22,25-27,29

alkali—metals within zeolite pores, this system is adapted in the current study in

the search for a new zeolite supported super-base catalyst. Alkali—metal clusters can be

30,31

occluded within the zeolite pores by vapor deposition,” " or by in-situ decomposition of

. . . . 21,25-27,29,32-34
previously impregnated alkali—metal azides.”'*>27*-23

Electron paramagnetic
resonance (EPR) shows that following azide decomposition in faujasite, three distinct types
of sodium particles are present: extralattice Na,’, intracrystalline Na,’, and ionic Nag>"

clusters encapsulated in the sodalite cages.”*’

The relative population of neutral
intracrystalline sodium and sodalite encapsulated ionic clusters is affected by the
decomposition heating rate. Slow decomposition at 1K/min gives rise to intracrystalline
clusters while fast heating at 25K/min gives rise to ionic clusters.”® It was found that
oxygen atoms in the neighborhood of neutral intracrystalline sodium clusters are the active
centers for base catalysis, indicating that slow decomposition is preferred.”’

Since occlusion of an alkali-alloy within the zeolite will require controlled

deposition of metal precursors, the alkali azide method of impregnation reported Martens
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and co-workers is well suited for this study. Methanolic impregnation and subsequent

thermal decomposition of mixed alkali—metal azides may allow for alloy formation within
the zeolite pores. Failing this, several studies have reported the formation of alkali-alloys
within zeolite cavities by vapor deposition of an alkali—metal into a zeolite containing a
different ion-exchanged alkali—metal. The metal in the vapor phase is able to exchange
electrons with the ion-exchanged alkali-ions in the zeolite framework, creating metal
clusters from the exchanged ions.*'~®*" Further vapor phase metal then diffuses into the
clusters, creating an alloy.*®** As alkali—metal vapor may be present during the thermal
decomposition of alkali—metal azides in zeolites,'° alloys might also be formed during
thermal decomposition of materials prepared by the azide impregnation method.
Additionally, alkali—metal alloys may be formed by high temperature annealing of
decomposed alkali azides in zeolites exchanged with different alkali—metal ions. In an
EPR study, it was shown that cesium and mixed cesium/sodium clusters were formed in
cesium exchanged zeolite Y after decomposition of sodium azide.”” The mechanism
proposed for this phenomenon involves diffusion of sodium clusters from the external
surface into the zeolite followed by electron exchange and subsequent clustering of the
cesium cations. The mechanism is very similar to that observed in the vapor phase
described previously.

Prior art indicates that alkali—metal alloys can be created within the pores of
zeolites. Furthermore, the use of alkali—metal azides as precursors allows control over the
amount and type of metal clusters or alloys formed within the pores. Due to extensive
research of ionic alkali—metal clusters within the pores of various zeolites,* the systems

are well understood and characterization techniques are well documented. Thus, alkali—
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metal azide impregnation of zeolite X provides a rich platform for the synthesis of a new

zeolite supported basic catalyst capable of carbon-carbon addition to alkyl aromatics.

2.5 References

(1) Marcilly, C. 13th International Zeolite Conference, Montpellier, France, 2001.

(2) Pines, H.; Vesely, J. A.; Ipatieff, V. N. Journal of the American Chemical Society
1955, 77, 347-348.

3) Weitkamp, J.; Hunger, M.; Rymsa, U. Microporous and Mesoporous Materials
2001, 48, 255-270.

4) Hattori, H. Chemical Reviews 1995, 95, 537-558.

(5) Barthomeuf, D. Catalysis Reviews - Science and Engineering 1996, 38, 521-612.

(6) Wieland, W. S.; Davis, R. J.; Garces, J. M. Journal of Catalysis 1998, 173, 490-
500.

(7 Tsuji, H.; Yagi, F.; Hattori, H. Chemistry Letters 1991, 1881-1884.

(8) Stevens, M. G.; Anderson, M. R.; Foley, H. C. Chemical Communications 1999,
413-414.

9) Siebenhaar, B.; Casagrande, B.; Studer, M.; Blaser, H.-U. Canadian Journal of
Chemistry 2001, 79, 566-569.

(10)  Rodriguez, 1.; Cambon, H.; Brunel, D.; Lasperas, M. Journal of Molecular
Catalysis A 1998, 130, 195-202.

(11)  Palomares, A. E.; Eder-Mirth, G.; Rep, M.; Lercher, J. A. Journal of Catalysis

1998, 180, 56-65.



(12)
(13)

(14)

(15)
(16)

(17)

(18)
(19)

(20)
21
(22)

(23)

24)

(25)

(26)

27

19
Meyer, U.; Gorzawski, H.; Holderich, W. F. Catalysis Letters 1999, 59, 201-206.

Kloestra, K. R.; Bekkum, H. v. Journal of the Chemical Society, Chemical
Communications 1995, 1005-1006.

Kijenski, J.; Radomski, P.; Fedorynska, E. Journal of Catalysis 2001, 203, 407-425.
Hathaway, P. E.; Davis, M. E. Journal of Catalysis 1989, 119, 497-507.

Garces, J. M.; Vrieland, B. E.; Bates, S. I.; Scheidt, F. M. Studies in surface science
and catalysis, 1985; p 67-74.

Ernst, S.; Hartman, M.; Sauerbeck, S. 13th International Zeolite Conference,
Montpellier, France, 2001.

Lillwitz, L. D. Applied Catalysis A 2001, 221, 337-358.

Li, H.-X.; Annen, M. J.; Chen, C.-Y.; Arhancet, J. P.; Davis, M. E. Journal of
Materials Chemistry 1991, 1, 79-85.

Kim, J. C.; L1, H.; Chen, C.; Davis, M. E. Microporous Materials 1994, 2, 413-423.
Bordawekar, S. V.; Davis, R. J. Journal of Catalysis 2000, 189, 79-90.

Davis, R. J.; Doskocil, E. J.; Bordawekar, S. Catalysis Today 2000, 62, 241-247.
Lima, E.; Menorval, L.-C.; Lasperas, M.; Eckhard, J.-F.; Tichit, D.; Graffin, P.;
Fajula, F. 13th International Zeolite Conference, Montpellier, France, 2001.
Hathaway, P. E.; Davis, M. E. Journal of Catalysis 1989, 116, 263-278.

Doskocil, E. J.; Davis, R. J. Journal of Catalysis 1999, 188, 353-364.

Martens, L. R. M.; Grobet, P. J.; Walter, J. M.; Vermeiren, W. J. M.; Jacobs, P. A.
Studies in Surface Science and Catalysis 1986, 28, 935-941.

Martens, L. R.; Vermeiren, W. J.; Huybrechts, D. R.; Grobet, P. J.; Jacobs, P. A.

Proceedings, 9th International Congress on Catalysis, Calgary, 1988; p 420-428.



(28)

(29)

(30)

€2))

(32)

(33)

(34)

(35)

(36)

(37)

(3%)

(39)

(40)

20
Li, W.; Luo, L.; Yamashita, H.; Labinger, J. A.; Davis, M. E. Microporous and

Mesoporous Materials 2000, 37, 57-65.

Martens, L. R. M.; Grobert, P. J.; Jacobs, P. A. Nature 1985, 315, 568-570.

Xu, B.; Kevan, L. Journal of Physical Chemistry 1992, 96, 2642-2645.

Harrison, M. R.; Edwards, P. P.; Klinowski, J.; Thomas, J. M. Journal of Solid
State Catalysis 1984, 54, 330-341.

Xu, B.; Kevan, L. Journal of the Chemical Society, Faraday Transactions 1991, 87,
2843-2847.

Doskocil, E. J.; Mankidy, P. J. Applied Catalysis A: General 2003, 252, 119-132.
Doskocil, E. J.; Bordawekar, S. V.; Kaye, B. G.; Davis, R. J. Journal of Physical
Chemistry B 1999, 103, 6277-6282.

Martens, L. R. M.; Vermeiren, W. J. M.; Grobet, P. J.; Jacobs, P. A. Studies in
Surface Science and Catalysis, Louvaeuve, 1987; p 531-541.

Terskikh, V. V.; Moudrakovski, I. L.; Ratcliffe, C. R.; Ripmeester, J. A. Journal of
the American Chemical Society 2001, 123, 2891-2892.

Hannus, I.; Nagy, J. B.; Kiricsi, 1. Hyperfine Interactions 1996, 99, 409-414.
Rachdi, F.; Menorval, L. C. d. 13th International Zeolite Conference, Montpellier,
France, 2001.

Blatter, F.; Blazey, K. W.; Portis, A. M. Physical Review B 1991, 44, 2800-2802.

Anderson, P. A. Molecular Sieves 2002, 3, 307-338.




<<
  /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




