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Abstract Ethylene polymerization was carried out by immobilization of rac-ethylenebis(1-indenyl)zirconium dichloride
(Et(Ind),ZrCl,) and rac-dimethylsilylbis(1-indenyl)zirconium dichloride  (Me,Si(Ind),ZrCl,) preactivated — with
methylaluminoxane (MAO) on calcinated silica at different temperatures. Polymerizations of ethylene were conducted at
different temperatures to find the optimized polymerization temperature for maximum activity of the catalyst. The Me,Si
bridge catalyst showed higher activity at the lower polymerization temperature compared to the Et bridge catalyst. The
highest catalytic activities were obtained at temperatures about 50 °C and 70 °C for Me,Si(Ind),ZrCly/MAO and
Et(Ind),ZrCl,/MAO catalysts systems, respectively. Inductively coupled plasma-atomic emission spectroscopy results and
polymerization activity results confirmed that the best temperature for calcinating silica was about 450 °C for both catalysts
systems. The melting points of the produced polyethylene were about 130 °C, which could be attributed to the linear structure
of HDPE.
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INTRODUCTION

The production of polyolefins such as polyethylene (PE) and polypropylene (PP) and their copolymers grows
rapidly because of their outstanding product properties and environmental compatibility!'!. Metallocene catalysts
have opened a new field in the polymerization of olefins!* *). These catalysts show a single site active center
behavior, making it possible to design the structure of the polymer precisely. In comparison with conventional
Ziegler-Natta catalysts, which have multi active sites and produced polymers with broad MWD, metallocene
catalysts have a much higher activity and lower polydispersity index!*®). Homogeneous metallocene catalysts
can be stereospecific in polymerization process and they can produce polymer with narrow MWD,
Unfortunately, homogeneous metallocenes require large amounts of expensive MAO to yield maximum catalyst
activity. This, to some extent, may impair their commercial application. Therefore, much effort has been made
not only to lower the amount of MAO in polymerization, but also to find a new cocatalyst to replace it.
Furthermore, metallocene and late transition metal catalysts need to be supported’ ! to allow their use in
gas- and slurry-phase process and prevents reactor fouling and enabling formation of uniform particles with
narrow size distribution and high bulk density. In addition, supported systems need smaller amount of MAO than
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homogeneous systems!!.

The immobilization of metallocene/MAO systems on silica supports is generally carried out by contacting
the metallocene with a MAO impregnated support, or by first contacting metallocene and MAO to generate the
active species before immobilization on the support'®. A review of the literature shows that studies investigating
the influence of silica calcination temperature on heterogenizing metallocenes, particularly (Me,Si(Ind),ZrCl,)
for ethylene polymerization, are fairly limited. In the present study, silica was calcinated at different
temperatures to obtain support with different contents of hydroxyl groups and the effects of calcination
temperatures and the structure of metallocene on the activity of polymerization have been investigated.

EXPERIMENTAL

Materials

All reactions were carried out under nitrogen atmosphere. A 10 wt% solution of methylaluminoxane (MAO) in
toluene (used without further purification), and rac-ethylene-bridged bis(indenyl) zirconium dichloride,
Et(Ind),ZrCl, was purchased from Aldrich. Rac-dimethylsilyl-bridged bis(indenyl) zirconium dichloride,
Me,Si(Ind),ZrCl, was purchased from Chemos. Silica ES7T0W was kindly donated from Ineose silica and
alumina technology, having a surface area of 295 m?%/g, an average pore volume of 1.6 mL/g, a particle size
41 pm and an average pore size of 21 nm. n-Heptane (less than 1 x 10~° mol/L H,0) was purified by refluxing
over sodium and by distilling, as described in the literature!'> '*). Ethylene and nitrogen (99.9995% pure) gas
were prepared from Petrochemical Researching and Technology Company.

Silica Calcinations and Characterization

Calcination of the silica supports was carried out at 200 °C, 450 °C and 600 °C under a N, flow (20 mL/min).
Each support was heated at 10 K/min until the desired temperature was reached and then held isothermally for
4 h. Afterward, the sample was allowed to cool to ambient temperature. Surface area was determined using the
Brunauer Emmet Teller (BET) method, while the pore volumes and pore diameter were determined by the Barett
Joyner Halenda (BJH) method for mesoporous materials.

Catalyst Preparation and Characterization

All experiments were performed under inert atmosphere in the glove-box under the purge of the dry nitrogen
gas. 0.04 g metallocene catalyst, followed by 8 mL of 10 wt% MAO in toluene solution, was added into a
degassed vial equipped with a magnetic stirring bar inside the glove box. The mixture was stirred at room
temperature for 30 min; afterward, 1 g of silica dehydrated was added to the mixture while metallocene/MAO
was under constant stirring. The mixture was stirred for 6 h; then the solvent evaporated and the catalyst was
dried by nitrogen purge which was followed by vacuum evacuation. A yellow free-flowing solid was obtained at
the end of the preparation process. Following the complete drying of the catalyst, 50 mL of the dry heptane was
added to the powder of supported metallocene catalyst and stirred until a steady suspension of the catalyst in
heptane was obtained. Zirconium and aluminum contents of the resulting supported metallocene/MAO catalyst
were determined by inductively coupled plasma-atomic emission spectroscopy (ICP-AES) after HF acid
digestion of the solid. The morphology of the samples was investigated by using a Philips scanning microscope
XL-30.

Ethylene Polymerization

Ethylene polymerization was carried out in a 1 L Buchi reactor equipped with an impeller and temperature
control. Before each polymerization run, the temperature was set at 95 °C and the reactor was purged with
nitrogen for 2 h to remove air, humidity and other impurities completely. Temperature was decreased to
polymerization temperature and 500 mL heptane was added to the reactor after completion of purging procedure.
2.5 mL of triethylaluminium (TEA) (1 mol/L in heptane solution) was charged into the reactor for scavenging.
For each experiment, 4.5 mL of the suspended catalyst as prepared in the previous section was added to reactor
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under nitrogen atmosphere. Polymerization reactions were carried out at 40 °C, 50 °C, 60 °C and 70 °C for
30 min under 0.75 MPa of ethylene pressure. Acidified (HCI) ethanol was used to quench the process, and
reaction products were separated by filtration, washed with distilled water, and dried.

Polymer Characterization

The obtained polymers were characterized with scanning electron microscopy (SEM), differential scanning
calorimetry (DSC) and viscometry. The morphology of polymer particles was studied using an SEM (Philips
model XL-30). The DSC Mettler Toledo performing at heating rate of 10 K/min was used for the determination
of the melting point within temperature range of 30 °C to 180 °C. According to ASTM D3417/97 and ASTM
D3418/97, two scans were performed, but only the results of the second scan were reported. Viscosity average
molecular weights were determined using solution viscosity method. The intrinsic viscosity [#] of polymers was
measured by using a Ubbelohde viscometer at 135 °C using decalin as the solvent. The viscosity average
molecular weight (M,) was calculated from a Mark-Houwink equation ([#] = K X M,“) using K = 6.67 x 107
mL/g and o= 0.67 for polyethylene.

RESULTS AND DISCUSSION

Different methods are reported in the literature for efficient heterogenization catalyst precursors!'" 1,

Immobilization is often accompanied by a significant decrease in catalyst activity, sometimes by as much as one
order of magnitude relative to the homogeneous counterpart!’®). For the specific case of immobilization of
metallocene catalysts on silica , three methods are commonly used: (a) adsorbing metallocene onto a MAO-
pretreated silica support; (b) reacting silica with a metallocene/MAO mixture and (c) supporting the metallocene
and then reacting the product with MAO!®!,

Table 1 depicts the results of ICP measurements for the supported catalysts that calcinated at the
temperature 450 °C. Zr and Al contents of the Et(Ind),ZrCl, catalyst were 0.41 wt% and 18.0 wt%, respectively.
They were slightly higher than the respective amounts for Me,Si(Ind),ZrCl, catalyst (Zr = 0.3 wt% and Al =
14.0 wt%). The [Al]/[Zr] ratio was essentially the same (ca. 45) for the two types of catalyst. Figure 1 shows the
SEM image of the polymer particles obtained by Et(Ind),ZrCl, catalyst, the particles have average diameter
around 200 pum. Somewhat reaction fouling could be observed in Fig. 1 that could be commonly happened,
however by using MgCl, as carrier, different behaviors were observed as reported by Hou et al.!'®)

Table 1. ICP results for the two supported catalysts

Catalyst Al wt% Zr wt% Al/Zr ratio
Et(Ind),ZrCl, 18 0.41 43.90
Me,Si(Ind),ZrCl, 14.0 0.30 46.66

Calcination temperature = 450 °C, MAO = 12.2 mmol, silica=1 g, [Zr] = 8 x 107® mmol

Fig. 1 SEM image of the polymer particles
Calcination temperature = 450 °C, MAO = 12.2 mmol, silica = 1 g, [Zr] = 8 x 10 mmol

Effect of Calcination Temperature
Figure 2 shows the Et(Ind),ZrCl,/MAO and MeSi(Ind),ZrCl,/MAO catalysts activities as a function of the silica
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calcination temperatures. Activities are in the following order: 450 °C > 200 °C > 600 °C. This behavior can be
attributed to the [Al]/[Zr] ratio of the supported catalysts as measured by ICP (Table 2)!'" ', It was found that
the Zr content increased moderately as the calcinations temperature increased in the range of 200 °C to 600 °C,
the Zr content was increased moderately at higher calcination temperatures; however on the other hand,
calcination temperature has negligible influence on the Al loading of the impregnated support in the temperature
range of 200 °C to 600 °C, (Table 2). As the calcination temperature is raised, an increment in the fraction of
mono dentate species formed in immobilization, and consequently variation in catalytic activity was expected™.
Excess Zr loading at higher calcination temperatures around 600 °C results in bimolecular metallocene
deactivation as described in the literature" 2*). It can lead to decrease of catalytic activities for both supported
catalysts. The higher activity of Et(Ind),ZrCl, compared to Me,Si(Ind),ZrCl, at all of calcination temperatures
might be due to its higher Zr content as shown in Table 2.
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Fig. 2 Catalyst activities as a function of the calcination temperatures
[TEA] = 2.5 mmol, polymerization temperature = 50 °C, pressure = 0.75 MPa,
polymerization time = 30 min, [Zr] = 8 x 10° mmol

Table 2. ICP measurement at different calcination temperatures

L j Et(Ind),ZrCL,/MAO Me,Si(Ind),ZrCL/MAO
Calcination temperature (°C) Al/Zr ratio Zr wt% Al wt% Al/Zrratio  Zr wt% Al wt%
200 38.94 0.38 14.8 39.44 0.28 11.1
450 43.9 0.41 18 46.66 0.30 14.0
600 24.73 0.57 14.1 25.12 0.43 10.9

MAO = 12.2 mmol, silica =1 g, [Zr] = 8 x 107 mmol

Effect of Polymerization Temperature

Figure 3 shows the effect of polymerization temperatures on the catalytic activities for Et(Ind),ZrCl,/MAQO and
Me,Si(Ind),ZrCl,/MAO systems. Two metallocene catalysts show different trends with increasing
polymerization temperature. Activity of Et(Ind),ZrCl,/MAO catalyst increased continuously with increasing
polymerization temperature from 40 °C to 70 °C*"), while Me,Si(Ind),ZrCl,/MAO catalyst showed a maximum
at temperatures around 50 °C. The Me,Si bridged catalyst showed higher activities at lower polymerization
temperatures. The higher activity of Me,Si bridged catalyst can be explained by comparing the steric
conditions”"**. On the other hand at polymerization temperature above 60 °C the Et bridged catalyst showed a
higher activities compared to the Me,Si bridged one. This trend can be attributed to the better thermal stability of
the Et Bridge at higher temperatures!**.

Polymer Characterization

Figure 4 shows M, (viscosity average molecular weight) of polymers as a function of polymerization
temperatures for Et(Ind),ZrCl, and Me,Si(Ind),ZrCl, catalysts. Decrease of molecular weight at high
polymerization temperatures is due to the enhanced chain-transfer reactions, which in turn, can be related to
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higher activation energies for chain transfer reactions rather than the activation energy for propagation reaction.
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Fig. 3 The Effect of polymerization temperature on the Fig. 4 The effect of polymerization temperature on M,
activity of catalysts of the obtained polymers
Calcination temperature = 450 °C, [TEA] = 2.5 mmol, Calcination temperature = 450 °C, [TEA] = 2.5 mmol,
pressure = 0.75 MPa, time 30 min, [Zr] = 8 x 107° pressure = 0.75 MPa, time 30 min, [Zr] = 8 x 107
mmol mmol

Polymers obtained by heterogeneous catalysts possess a higher molecular weight than that of the
homogeneous one. This behavior, has been attributed to the blocking one side of polymerization active sites by
the support which hinders the deactivation step. In other words, f-elimination transfer between two metallocene
centers is hindered, resulting in additional growth of the polymer chain and hence, a higher molar mass''*.
Comparing M, of obtained polymers by the two catalysts in Fig. 4 reveals that the reduction rate is higher for
Me,Si(Ind),ZrCl, catalyst rather than Et(Ind),ZrCl, catalyst, which can be attributed to the lower thermal
stability of Me,Si bridge!*?..

Table 3 reveals the thermal properties of produced polymers. According to Table 3, both samples have
approximately the same 7}, (ca. 132 °C), but the polyethylene obtained with Et(Ind),ZrCl, catalyst was more
crystalline than the one obtained by Me,Si(Ind),ZrCl, catalyst. This trend can be easily explained by comparing
M, of the two polymers. Et bridged catalyst produces polyethylene with higher M, and higher crystallinity
compared to Me,Si bridged catalyst. This is why polymers with a high average molecular weight show better
mechanical properties than those with a low average molecular weight. This is an attractive feature of supported
metallocene catalysts in general, and Et(Ind),ZrCl,/MAO supported catalyst in particular™®'.

Table 3. DSC results of polyethylene obtained at polymerization temperature 70 °C

T (°C) T. (°O) Lo
Catalyst Peak Onset Peak Onset AH (J/g)  Crystallinity (%)
Et(Ind),ZrCl, 132.19 126.80 118.59 120.87 230.76 78.6
Me,Si(Ind),ZrCl, 132.07 125.13 118.75 120.05 157.88 53.73
CONCLUSIONS

Two ansa-metallocene catalysts showed different trends with increasing the polymerization temperatures in
ethylene polymerization. This trend can be attributed to the type of bridge and geometric parameters in indenyl
ligands in these two catalysts. At lower polymerization temperatures, the Me,Si bridge catalyst shows activities
higher than Et bridge catalyst, while at temperatures higher than 50 °C, due to the lower thermal stability of
silyle bridge, a decrease in the activity of catalyst and molecular weight of polyethylene was observed. ICP
results revealed that the optimum calcination temperature was 450 °C for both supported catalysts. At this
temperature, the Al/Zr ratio was at the highest level that could maximize the polymerization activity. The
melting temperature of polyethylene (132 °C) confirmed the linear structure of HDPE.



142 A. Talaei et al.

REFERENCES

1 Ahmadjo, S., Arabi, H., Nekoomanesh, M., Zohuri, G.H., Mortazavi, M.M. and Naderi, G., Macromol. React. Eng.,
2010, 4: 70

2 Kaminsky, W., J. Chem. Soc. Dalton Trans., 1998, 9: 1413

3 Miyake, S., Okumura, Y. and Inazawa, S., Macromolecules, 1995, 28(9): 3074

4  Xu,J. and Feng, L., Eur. Polym. J., 1999, 35(7): 1289

5 Steinmetz, B., Tesche, B., Przybyla, C., Zechlin, J. and Fink, G., Acta Polymerica, 1997, 48(9): 392

6 Kaminsky, W., J. Polym. Sci. Part A: Polym. Chem., 2004, 42(16): 3911

7 Soga, K. and Shiono, T., Prog. Polym. Sci., 1997, 22(7): 1503

8 Li, K.T. and Kao, Y.T., J. Appl. Polym. Sci., 2006, 101(4): 2573

9 Kristen, M., Topic. Catal., 1999, 7(1): 89

10 Ribeiro, M.R., Deffieux, A. and Portela, M.F., Indust. Eng. Chem. Res., 1997, 36(4): 1224

11 Jing, W., Wei, L., Binbo, J., Jingdai, W. and Yongrong, Y., Acta Polymerica Sinica (in Chinese), 2012, (2): 138

12 Mortazavi, S.M.M., Arabi, H., Zohuri, G.H., Ahmadjo, S., Nekoomanesh, M. and Ahmadi, M., Polym. Int.,
2010, 59(9): 1258

13 Mortazavi, M.M., Arabi, H., Zohuri, G.H., Ahmadjo, S., Nekoomanesh, M. and Ahmadi, M., Macromol. Reac. Eng.,

2009, 3: 263

14 Franceschini, F.C., Tavares, T.T.R., Greco, P.P., Bianchini, D., Stedile, F.C., Galland, G.B., Dos Santos, J.H.Z. and
Soares, J.B.P., J. Mol. Cat. A: Chem., 2003, 202(1-2): 127

15 Smit, M., Zheng, X., Loos, J., Chadwick, J.C. and Koning, C.E., J. Polym. Sci. Part A: Polym. Chem.,
2005, 43(13): 2734

16 Hou, J., Jie, S., Zhang, W. and Sun, W.H., J. Appl. Polym. Sci., 2006, 102(3): 2233

17 Atiqullah, M., Akhtar , M.N., Moman, A.A., Abu-Raqabah, A.H., Palackal, S.J., Al-Muallem, H.A. and Hamed, O.M.,
Appl. Catal. A: Gen., 2007, 320: 134

18 Dos Santos, J.H.Z., Krug C., Barbosa da Rosa, M., Stedile, F.C., Dupont, J. and Forte, M.C., J. Mol. Cat. A: Chem.,
1999, 139(2-3): 199

19 Franceschini, F.C., Tavares, T.T. R., Bianchini, D., Alves, M.C.M., Ferreira, M.L. and Dos Santos, J.H.Z., J. Appl.
Polym. Sci., 2009, 112(1): 563

20 Kim, I., Zhou, J.M. and Won, M.S., J. Polym. Sci. Part A: Polym. Chem., 1999, 37(6): 737

21 Chu, K.J., Soares, J.B.P. and Penlidis, A., J. Polym. Sci. Part A: Polym. Chem., 2000, 38(10): 1803

22 Baiquan, W., Coord. Chem. Rev., 2006, 250(1-2): 242




<<
  /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 false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 600
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.01667
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 600
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.03333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /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 (sRGB IEC61966-2.1)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<


    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200036002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>



    /HUN <>
    /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 6.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200036002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 6.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>


    /SKY <>

    /SUO <>
    /SVE <>
    /TUR <>

    /DEU <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


