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Abstract−A silica-supported ionic liquid (Im-IL) was proven to be an effective heterogeneous catalyst for solventless
synthesis of cyclic carbonate from allyl glycidyl ether (AGE) and carbon dioxide. Im-IL catalysts were prepared by
sol-gel method. The synthesis of cyclic carbonate from AGE and CO2 was carried out in a batch autoclave reactor.
Im-IL with shorter alkyl chain length showed the highest conversion of AGE, probably due to the steric hindrance for
the formation of intermediate from the catalyst prepared by using longer alkyl chains and AGE. High temperature and
high pressure were favorable for the conversion of AGE. Im-IL can be reused for the reaction up to two consecutive
runs without any considerable loss of its catalytic activity.
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INTRODUCTION

The conversion of carbon dioxide to industrially useful compounds
is a very attractive subject in view of environmental protection and
resource utilization. The reactions of carbon dioxide with oxiranes
leading to five-membered cyclic carbonates are well known among
many examples. These carbonates can be widely used for various
purposes, such as electrolytic elements of lithium secondary batter-
ies, polar aprotic solvents, intermediates for organic and polymeric
synthesis, and ingredients for pharmaceutical/fine chemicals in bio-
medical applications [1].

The use of ionic liquids as environmentally benign media for cat-
alytic processes or chemical extraction has received much interest
during the last few years because they possess some very impor-
tant features, such as the negligible vapor pressure, unique solva-
tion properties, good ion conductivity as well as good catalytic ac-
tivity and selectivity [2-6]. Many reactions catalyzed with ionic liq-
uids and showing high performance have been reported [7]. In the
last decades of the 20th century, numerous catalytic systems [8-13]
were developed for the coupling of carbon dioxide and epoxides,
such as alkali metal salts [14], metal oxides [15,16], ionic liquid
[17-24], porphyrin [25], and transition-metal complexes [26-29].
However, currently, all these catalysts suffer from low catalytic activ-
ity and/or selectivity, low stability; a co-solvent is needed, and high
pressure and/or high temperature are required.

Development of a highly efficient and environmentally benign
catalyst system for the chemical fixation of carbon dioxide with ep-
oxides under mild conditions still remains a challenge. At the same
time, the major problem associated with most homogeneous cata-
lyst systems is the separation of catalysts from the reaction mixture
and the recycling of the catalyst [30].

In the present work, we report the synthesis of five-membered
cyclic carbonate from allyl glycidyl ether and carbon dioxide using

immobilized imidazolium salt ionic liquid on as-synthesized silica.
The effects of alkyl chain length, carbon dioxide pressure, and reac-
tion temperature are discussed to better understand the reaction mech-
anism.

EXPERIMENTAL

1. Materials
Tetraethyl orthosilicate (TEOS, Aldrich), 3-chloropropyltriethox-

ysilane (ClPTES, Aldrich) and allyl glycidyl ether (AGE, Aldrich)
were commercially available, and they were used without further
purification. Carbon dioxide with a purity of 99.99% (Hanyu Chem-
icals) was also commercially available.
2. Preparation of Immobilized Ionic Liquid

Preparation of immobilized ionic liquid on silica was conducted
by the previously reported method [31]. Imidazol was dissolved in
toluene, and 3-chloropropyltriethoxysilane was added to the solu-
tion and the mixture was refluxed for 3 h under an argon atmo-
sphere. The solvent was distilled under vacuum to yield 3-(N-im-
idazolyl) propyltriethoxysilane (I). Then (I) was reacted with 1-bro-
mobutane in toluene under refluxing for 24 h and the solvent was
distilled off under vacuum to produce 1-(triethoxysilylpropyl)-3-n-
butylimidazolium bromide (II). 40 mmol of II together with 40 mL
of TEOS, 10 mL of ethanol and 12 mL of water was added into a
round bottom flask with a magnetic stirrer. After the formation of a
clean and homogeneous liquid mixture, 5 ml of HCl (35 wt%) was
added and the resultant mixture coagulated gradually. After ageing
at 60 oC for 12 h, the mixture was then dried in vacuum at 80 oC

Scheme 1. Immobilized imidazolium salt ionic liquid on silica.



Synthesis of cyclic carbonate from AGE and CO2 over silica-supported ionic liquid catalysts prepared by sol-gel method 1005

Korean J. Chem. Eng.(Vol. 25, No. 5)

for 5 h. The resulting solid contained 1-propyl-3-n-butylimidazolium
bromide groups bonded to surface silicon atoms as show in Scheme 1.
3. Cycloaddition of CO2 to AGE

The synthesis of cyclic carbonate from allyl glycidyl ether (AGE)
and CO2 using the supported ionic liquid (0.5 g) was performed in
a 50 mL stainless steel autoclave equipped with a magnetic stirrer.
For each typical batch operation, the immobilized ionic liquid (2
mmol) and AGE (42.5 mmol) were charged into the reactor without
solvent, and then purged several times with CO2. The reactor was
then pressurized with CO2 to a preset pressure, at 0.51-3.55 MPa,
at room temperature. The reactor was heated to a desired tempera-
ture, and then the reaction was started by stirring the solution at 300
rpm. The reactor pressure increased about 0.03-0.11 MPa, depend-
ing on the reactor temperature.
4. Analysis

The amount of attached ionic liquid on SiO2 surface was deter-
mined from elemental analysis (EA, Varioel 3) of nitrogen. The prod-
uct was analyzed by a gas chromatograph (HP 6890N) equipped
with an FID and a capillary column (HP-5, 5% phenyl methyl silox-
ane). The identification of the five membered cyclic carbonate was
performed by FT-IR (ASI Model 1000, KBr), 1H-NMR and 13C-
NMR (Varian Gemini 2000 spectrometer in CDCl3), TMS as an
internal standard.

RESULTS AND DISCUSSION

Surface area and pore volume of the immobilized ionic liquid
(Im-IL) catalysts are measured by a nitrogen adsorption with a BET
apparatus (Micromeritics, ASAP 2010), and the results are shown
in Table 1. One can see that the Im-IL catalysts have very low sur-
face area and very small pore volume. It seems that the inside pores
are not well developed. The amount of immobilized imidazolium
salt measured by the elemental analysis is also listed in Table 1. Im-
IL-2 showed the highest amount of attached IL, 1.86 mmol/g. Im-
IL-3 showed the lowest amount of attached IL, probably due to the

increase of steric hindrance for long alkyl chain of octyl bromide.
The attached amounts of IL on this amorphous silica were lower
than that on a mesoporous MCM-41, of which the result will be
published later. The surface area of the ordered MCM-41support
was also much higher than this amorphous silica.

The synthesis of cyclic carbonate from AGE and CO2 was carried
out by using various ionic liquids as shown in Scheme 2.

The formation of the five-membered cyclic carbonate was char-
acterized by IR spectroscopy. By comparison of the relative inten-
sities of the two carbonyl bands at 1,750 (linear carbonate) and 1,800
cm−1 (cyclic carbonate) in the IR spectrum, the amount of polycar-
bonate was estimated to be less than 2%.

The influence of reaction time on the cyclic carbonate synthesis
using Im-IL-2 is given in Fig. 1. The reactions were performed in
the presence of 0.5 g of Im-IL-2 at 110 oC under CO2 pressure of
1.76 MPa. The AGE conversion at 30 min was low (19.6%) and it
increased to 85.2% after 1 h. The rate-determining step for the reac-
tion is known to be the attack of the anionic part of the catalyst such
as formation of bulky imidazolium salt by oxirane [14]. Therefore,
there appears to be an induction period for an irreversible reaction
to proceed between the intermediate complex and CO2 to form the
cyclic carbonate. One can see that the reaction proceeds rapidly within
first 3 h, while the selectivity of cyclic carbonate almost remains
constant during the reaction course. It is important to note that within
6 h, an almost quantitative yield could be achieved with higher than
99% of the cyclic carbonate selectivity. In other words, a reaction
time of 6 h is needed to complete the AGE conversion, which shows
that the silica supported [BMIm]+[Br]− is an effective heterogeneous
catalyst for the synthesis of cyclic carbonate from AGE and CO2.
Therefore, all the following experiments were performed for 6 h.

The effects of the alkyl chain length of Im-IL catalysts were stud-
ied at 120 oC and CO2 pressure of 0.86 MPa for 6 h. A relatively
low CO2 pressure was applied to compare the reactivity of the dif-
ferent catalysts. At high CO2 pressure, as in Fig. 1, all the catalysts
showed more than 97% of AGE conversion after 6 h of reaction.

Table 2 shows the conversion of AGE and selectivity to the cyclic
carbonate for the immobilized ionic liquid catalysts of different alkyl-

Table 1. BET surface area, pore volume and amount of immo-
bilized imidazolium salt of silica-supported ionic liq-
uid catalysts

Catalyst Alkyl bromide BET area
(m2/g)

Pore volume
(cm3/g)

Attached IL
(mmol/g)

Im-IL-1 ethyl bromide 0.38 <0.01 1.38
Im-IL-2 butyl bromide 0.39 <0.01 1.86
Im-IL-3 octyl bromide 0.37 <0.01 1.26

Scheme 2. Synthesis of cyclic carbonate from AGE and CO2.

Fig. 1. Variation of AGE conversion and cyclic carbonate selectiv-
ity vs time on stream with Im-IL-2 catalyst at 110 oC and
1.76 MPa of CO2 pressure.
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bromide used in the preparation step. The catalytic activity of ionic
liquids usually depends on the corresponding catalyst cation and
anion [32,33]. Bulky ionic liquid, having longer distance between
cation and anion, may be considered to have higher anion activa-
tion ability. However, in the present study of immobilized ionic liquid
catalysts, Im-IL-1 having the smallest alkyl chain shows the high-
est AGE conversion. The order of AGE conversion decreased in
the order Im-IL-1>Im-IL-2>Im-IL-3, even though Im-IL-2 showed
the highest amount of immobilized IL. This may due to the steric
hindrance of bulky alkyl chain length for the formation of active
intermediate complex between Im-IL catalyst and AGE, which is
generally known as the rate-limiting step for the cycloaddition of
CO2 to epoxides [14,25].

Table 3 shows the effects of temperature and pressure of carbon
dioxide on the conversion of AGE. AGE conversion increased with
increasing reaction temperature from 80 oC up to 140 oC. At 160 oC
AGE conversion decreased slightly due to the decomposition of
the cyclic carbonate or to the side reaction to produce glycol. High
temperature operation is one of advantage of imidazolium salt ionic
liquid. Quaternary ammonium salt ionic liquid is reported to degrade
at 140 oC in the presence of strong base [34].

In order to understand the effect of pressure on the reactivity of
Im-IL-2 catalyst, the pressure of CO2 was varied between 0.51 and
3.55 MPa. The AGE conversion increased as CO2 pressure increased
up to 1.76 MPa. However, it decreased at 3.55 MPa. There exists
an optimum CO2 pressure for the conversion of AGE. The decrease
in the activity with increasing pressure of carbon dioxide at high
pressure range was also reported previously [31,35]. It can be in-
ferred that the introduced CO2 dissolves in AGE or liquefies through
the formation of a CO2-AGE complex [36]. Too high CO2 pres-

sure may inhibit the interaction between AGE and the catalyst, and
could cause a low concentration of AGE in the vicinity of the cat-
alyst due to the so-called dilution effect.

A series of catalytic cycles were carried out to investigate the
stability of the catalytic activity and recycling. In each cycle, the
catalyst was separated by filtration and then used directly for the
next run. Table 4 shows the activity of the reused Im-IL-2 catalyst.
It shows that the catalyst can be reused at least twice with a slight
loss of activity, while the selectivity of the product remains almost
the same. At the third recycle, the catalyst showed about 10% loss
of its initial reactivity. This loss might originate from the less stable
structure of the amorphous silica support. Some of the imidazolium
group can be detached from the surface of the silica support.

CONCLUSIONS

Silica-supported imidazolium salt ionic liquids prepared by sol-gel
method were effective catalysts for the synthesis of cyclic carbon-
ate from AGE and CO2. High conversion of AGE together with
good selectivity of the cyclic carbonate was achieved in less than 6 h.
High temperature and high carbon dioxide pressure was favorable
for the synthesis of the cyclic carbonate. The supported ionic liquid
as heterogeneous catalyst was easily recovered and reused over two
times with slight loss of its catalytic activity.

ACKNOWLEDGMENT

This work was supported by Korea Science and Engineering Foun-
dation (R01-2007-000-10183-0), and Brain Korea 21 Project. S. W.
Park is also thankful to the Applied Rheology Center.

REFERENCES

1. A.-A. G. Shaikh and S. Sivaram, Chem. Rev., 96, 951 (1996).
2. R. Sheldon, Chem. Commun., 2399 (2001).
3. D.-B. Zhao, M. Wu, Y. Kou and E.-Z. Min, Catal. Today, 74, 157

(2002).
4. P. Wasserscheid and W. Keim, Angew. Chem. Int. Ed., 39, 3772

(2000).
5. D. Jairton, F. D. S. Roberto and A. Z. S. Paulo, Chem. Rev., 102,

3667 (2002).
6. K. N. Marsh, A. Deev, A. C. T. Wu, E. Tran and A. Klamt, Korean

J. Chem. Eng., 19, 357 (2002).
7. C. E. Song, W. H. Shim, E. J. Roh and J. H. Choi, Chem. Commun.,

1695 (2000).
8. H. S. Kim, J. J. Kim, H. N. Known, M. J. Chung, B. G. Lee and H. G.

Table 2. Synthesis of cyclic carbonate from AGE and CO2 using
the silica supported IL catalysts

Catalyst AGE conversion (%) Selectivity (%)
Im-IL-1 56.7 81.1
Im-IL-2 53.4 90.5
Im-IL-3 49.1 76.8

Reaction conditions: AGE=42.5 mmol, Catalyst=0.5 g, P (CO2)=0.86
MPa, Temp.=120 oC, Time=6 h

Table 3. Effect of reaction temperature and CO2 pressure on the
synthesis of cyclic carbonate from AGE and CO2 using
Im-IL-2 catalyst

Temp. (oC) P (MPa) AGE conversion (%) Selectivity (%)
080 0.86 47.2 89.4
100 0.86 51.3 86.8
120 0.86 53.4 90.5
140 0.86 64.4 69.0
160 0.86 62.3 64.2
110 0.51 37.7 79.6
110 0.86 52.9 89.3
110 1.76 98.7 94.1
110 3.55 97.3 96.8

Reaction conditions: AGE=42.5 mmol, Catalyst=0.5 g, Time=6 h

Table 4. Reactivity of recycled Im-IL-2 catalyst

Recycle no. AGE conversion (%) Selectivity (%)
fresh 95.9 95.6

1 92.7 95.1
2 89.3 94.4
3 86.4 89.4

Reaction conditions: AGE=42.5 mmol, Catalyst=0.5 g, P (CO2)=1.76
MPa, Temp.=80 oC, Time=6 h



Synthesis of cyclic carbonate from AGE and CO2 over silica-supported ionic liquid catalysts prepared by sol-gel method 1007

Korean J. Chem. Eng.(Vol. 25, No. 5)

Jang, J. Catal., 205, 226 (2002).
9. H. Yasuda, L. N. Hen and T. Sakakura, J. Catal., 209, 547 (2002).

10. W. J. Kruper and D. V. Dellar, J. Org. Chem., 60, 725 (1995).
11. X. Lu, X. Feng and R. He, Appl. Catal. A: Gen., 25, 234 (2002).
12. M. Yoshida and M. Ihara, Chem. Eur. J., 10, 2886 (2004).
13. Y. M. Shen, W. L. Duan and M. Shi, Eur. J. Org. Chem., 3080 (2004).
14. N. Kihara, N. Hara and T. Endo, J. Org. Chem., 58, 6198 (1993).
15. T. Yano, H. Matsui, T. Koike, H. Ishiguro, H. Rujihara, M. Yoshi-

hara and T. Maeshima, Chem. Commun., 1129 (1997).
16. K. Yamaguchi, K. Ebitani, T. Yoshida, H. Yoshida and K. Kaneda,

J. Am. Chem. Soc., 121, 4526 (1999).
17. D.-S. Kim and W.-S. Ahn, Korean J. Chem. Eng., 20, 39 (2003).
18. E. H. Lee, S. W. Cha, M. D. Manju, Y. Choe, J. Y. Ahn and D. W.

Park, Korean J. Chem. Eng., 24, 547 (2007).
19. N. Y. Mun, K. H. Kim, D. W. Park, Y. Choe and I. Kim, Korean J.

Chem. Eng., 22, 556 (2005).
20. H. Z. Yang, Y. Deng and F. Shi, Chem. Commun., 274 (2002).
21. V. Calo, A. Nacci, A. Monopoli and A. Fanizzi, Org. Lett., 4, 2561

(2002).
22. F. W. Li, L. F. Xiao, C. G. Xia and B. Hu, Tetrahedron Lett., 45, 8307

(2004).
23. J. Sun, S. Fujita and M. Arai, J. Organometall. Chem., 690, 3490

(2005).

24. J. Palgunadi, O. Kwon, H. Lee, J. Y. Bae, B. S. Ahna, N. Y. Min and
H. S. Kim, Catal. Today, 98, 511 (2004).

25. T. Aida and S. Inoue, J. Am. Chem., Soc., 105, 1304 (1983).
26. R. L. Addock and S. T. Nguyen, J. Am. Chem. Soc., 123, 11498

(2001).
27. Y. M. Shen, W. L. Duan and M. Shi, J. Org. Chem., 68, 1559 (2003).
28. H. S. Kim, J. J. Kim, B. G. Lee, O. S. Jung, H. G. Jang and S. O.

Kang, Angew. Chem. Int. Ed. Engl., 39, 4096 (2000).
29. F. W. Li, C. G. Xia, L. W. Xu, W. Sun and G. X. Chen, Chem. Com-

mun., 2042 (2003).
30. B. S. Yu, E. S. Jeong, K. H. Kim, D. W. Park, S. W. Park and J. W.

Lee, React. Kinet. Catal. Lett., 84, 175 (2005).
31. L. F. Xiao, F. W. Li, J. J. Peng and C. G. Xia, J. Mol. Catal. A. Chem.,

253, 265 (2006).
32. H. Olivier-Bourbigou and L. Magna, J. Mol. Catal. A. Chem., 182,

419 (2002).
33. D. Zhao, M. Wu, Y. Kou and E. Min, Catal. Today, 74, 157 (2002).
34. C. L. Liotta, C. M. Starks and M. E. Halpen, Phase Transfer Catal-

ysis, Chapman and Hall, New York (1994).
35. J. Q. Wang, X. D. Yue, F. Cai and L. N. He, Catal. Commum., 8, 167

(2007).
36. R. Nomura, M. Kimura, S. Teshima, A. Ninagawa and H. Matsuda,

Bull. Chem. Soc. Jpn., 55, 3200 (1982).



<<
  /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 /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 3.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


