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PERVAPORATION FOR SEPARATING BENZENE/CYCLOHEXANE MIXTURE
BY P(AA-MA) COPOLYMER MEMBRANES'

Gao-fei Xu and Wei-pu Zhu""

Department of Polymer Science and Engineering, Key Laboratory of Macromolecular Synthesis and Functionalization
(Ministry of Education), Zhejiang University, Hangzhou 310027, China

Abstract P(AA-MA) copolymers composed of acrylic acid and methyl acrylate with different molecular weights and
sequence structures were synthesized by combination of ATRP and selective hydrolysis. These copolymers were used as
membrane materials to separate benzene/cyclohexane mixture by pervaporation. The effects of molecular weight and
sequence structure of the copolymers on the pervaporation performance were investigated in detail. For the random
copolymers, the permeate flux decreased rapidly with the increasing of molecular weight. The separation factor was also
influenced by the molecular weight, which was changed from no selectivity to cyclohexane selectivity with increasing the
molecular weight. Contrarily, the block copolymer membrane showed good benzene selectivity with separation factor of 4.3
and permeate flux of 157 g/(m’h) to 50 wt% benzene/cyclohexane mixture.
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INTRODUCTION

Separating benzene/cyclohexane mixture is industrially significant'' . But this mixture separation has posed a
challenge!” because of the close boiling point and approximately equal molecular volume. Conventional
technologies such as extractive distillation need both high energy and capital investment, yet still reach to low
efficiency™.

Pervaporation is regarded as a prospective industrial separation process for a variety of liquid mixtures,
especially where the traditional separation technologies are not efficient, such as the separation of azeotropes,
close boiling mixtures, isomers and temperature sensitive products'® %, Since early 1960s!"”), the separation of
benzene/cyclohexane mixture by pervaporation has been studied, numerous kinds of membrane materials had
been explored to assess their separation properties through pervaporation. Among these membrane materials,
methyl acrylate containing copolymers showed good benzene selectivity to benzene/cyclohexane mixture!'® '7,

However, as far as we know, only a few researchers had thrown their insights into the effects of polymer’s
microstructure on separation properties during pervaporation. Uragamil'® ') e al. investigated the differences
between block and graft copolymer membranes on the separation of aqueous ethanol solutions and aqueous
benzene solutions. Inui®™ et al reported random and graft copolymer membranes for separating
benzene/cyclohexane mixture. Yet studies on the relationship between polymer microstructure and
pervaporation performance were far inadequate because of the difficult synthesis of various copolymers with

well controlled composition, sequence structure and molecular weight.
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In this study, by combining ATRP with selective hydrolysis, random and block poly(acrylic acid-co-methyl
acrylate) (P(AA-MA)) copolymers with well controlled composition and molecular weight were synthesized.
The pervaporation characteristics through both random and block copolymer membranes for separating
benzene/cyclohexane mixture were investigated.

EXPERIMENTAL

Materials

Methyl acrylate (MA, Aladdin) and zert-butyl acrylate (1BA, Aladdin) were purified by passing through a basic
alumina column to remove the inhibitor. CuBr (Aladdin) was purified by stirring with glacial acetic acid,
followed by filtration and washing the solids with ethanol (three times) and diethyl ether (two times).
N,N,N',N',N"-pentamethyldiethylenetriamine (PMDETA, Aldrich), methyl-2-bromopropionate (Aldrich),
trifluoroacetic acid (TFA, Aladdin) and other chemicals were used as received.

Synthesis of P(AA-MA) Copolymers

Synthesis of P(tBA-r-MA) random copolymer via ATRP

Certain amount of MA, rBA, PMDETA and methyl-2-bromopropionate were dissolved in acetone and added to
a 25 mL Schlenk flask with a magnetic stirring bar, and oxygen was removed by subjecting the contents of the
flask to three freeze-pump-thaw cycles. Then, CuBr was added under nitrogen flow. The stirred flask was
placed in an oil bath thermostated at 50°C and the polymerization was quenched by opening the flask and
exposing the contents to air at scheduled time.

Synthesis of P(tBA-b-MA) block copolymer via ATRP

P(BA-b-MA) block copolymer was prepared using PMA-Br as macroinitiator. Both PMA-Br macroinitiator
and P(fBA-b-MA) block copolymer were synthesized through standard ATRP procedure similar as above
mentioned.

Synthesis of P(AA-MA) copolymers by selective hydrolysis

The P(fBA-MA) copolymer was dissolved in dichloromethane and stirred at room temperature for 48 h with
5 mol equiv. of trifluoroacetic acid to /BA units in the copolymer. After distilling off the solvent and the extra
trifluoroacetic acid, the crude product was collected and purified through an ethanol-water dissolution-
precipitation process. The final product was recovered by drying under vacuum for 24 h.

Membrane Preparation

The casting solutions of P(AA-MA) copolymer with a concentration of 130 g/L were prepared by dissolving the
copolymer in ethanol at room temperature for 24 h. Then the membrane for pervaporation was prepared by cast-
dry process on a polyacrylonitrile ultra-filtration membrane. The solvent evaporating process was kept at 40°C
for 48 h.

Pervaporation

The pervaporation process through P(AA-MA) copolymer membrane was operated on the similar apparatus
reported previously”!. Experiments were carried out in a continuous steady state with a downstream vacuum
maintained at about 60 Pa and a constant feed temperature at 50°C. The permeate components were condensed
by cold trap and determined by gas chromatograph. Separation factor () and permeation flux (J) were
calculated according to the following equations:
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where Fyenzene and Feyciohexane are the weight fractions of benzene and cyclohexane in the feed mixture, Pyenzene and
Pyciohexane are those in the permeate mixture. Ag is the permeate weight collected during the operation time (Af)
and S is the effective membrane area (18.09 cm?).

Swelling Measurements
The degree of swelling (DS) of the membrane is defined through the following equation:

:ms_mo

DS

x 100% (€))
m

o

where m, and mj are the weight of dry and solvent swollen membranes. The swelling experiments were operated
at a constant temperature of 25°C. Before weighing, the free liquid on the surface of the swollen membrane were
scraped quickly by a filter paper.

The sorption selectivity (¢;) and diffusion selectivity (ay) were defined as follows:

a, = / Scyclohcxanc ( 4)
Obcnznc / Oc
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where Spenzenes Scyclohexane are€ the concentration of benzene and cyclohexane in the swollen membrane at
equilibrium. Openzenes Ocyelohexane ar€ the concentration of benzene and cyclohexane in the original solution. « is
the separation factor of pervaporation process.

Characterization

'H-NMR spectra were recorded on a Bruker Avance DMX500 spectrometer in CDCl; or DMSO corresponding
to P(/BA-MA) and P(AA-MA) copolymers, respectively with tetramethylsilane as internal standard. The
molecular weight and molecular weight distribution were determined by size-exclusion chromatography (SEC)
performed on a Waters 150°C apparatus in THF (1.0 mL/min) at 25°C. The differential scanning calorimetry
(DSC) curves of P(AA-MA) copolymers were obtained through a TA Q200 under nitrogen (N,) atmosphere at a
heating rate of 10 K/min from —40°C to 140°C after eliminating the influence of thermal history. The
composition of benzene/cyclohexane mixtures was analyzed by a 6890N gas chromatograph equipped with a
flame ionization detector (Colunm: DB-608, Backinlet: 230°C, Frontdector: 250°C, Flow: 1.0 mL/min ).

RESULTS AND DISCUSSION

Synthesis and Characterization of P(AA-MA) Copolymers

Random and block P(fBA-MA) copolymers were synthesized by ATRP of rfBA and MA at 50°C in acetone as
summarized in Table 1. P(lBA-MA) copolymers were characterized by 'H-NMR as shown in Fig. 1. The spectra
of random and block copolymer are similar. However, the slight difference of the chemical shifts of the protons
on the backbone indicates the different sequence structures of random and block copolymers. The ratio of MA to
fBA units in the copolymers was determined by the integral intensities of corresponding protons:

MA :BA = [¢ :1% (6)

where I* and I* were the integral area of H* and H® respectively. The SEC curves of the random and block
copolymers are displayed in Fig. 2, indicating that the copolymerization was a controlled/living process and the
P(fBA-MA) copolymers with controlled molecular weight and narrow molecular weight distribution have been
prepared successfully.
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Table 1. Synthesis of random and block P(tBA-MA) copolymers via ATRP *

b Reaction  Conversion MA/fBA (mole ratio)
Sample M/T/C/L . - M, PDI
time (h) (%) Feeding  In polymer (NMR)
P(tBA-r-MA)-1 4 40 1:1.12 5800 1.13
1000/10/5/5
P(tBA-r-MA)-2 24 73 - 8400 1.12
P(tBA-r-MA)-3 8 45 1:1.11 10400 1.12
1000/5/2.5/2.5 1:1
P(tBA-r-MA)-4 24 57 - 14300 1.07
P(tBA-r-MA)-5 12 43 1:1.14 32000 1.10
1000/2.5/1.25/1.25
P(tBA-r-MA)-6 24 60 - 51100 1.11
PMA-Br 1000/2.8/1.4/1.4 1.5 33 - - 4900 1.09
P(tBA-b-MA) © 1000/5/2.5/2.5 24 85 1.86:1 1.94:1 8500 1.14
P(tBA-r-MA)-7 1000/10/5/5 24 81 o 1.80:1 8400 1.13

# Reaction conditions: 50°C, in acetone solution (40 vol%); ® M: monomer, I: initiator (methyl-2-bromopropionate),
C: CuBr, L: ligand (PMDETA); © PMA-Br as macroinitiator
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Fig. 1 'H-NMR spectra of P(fBA-MA) random and block copolymers
Block: P(BA-b-MA); Random: P(fBA-r-MA)-7
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Fig. 2 SEC curves of P(fBA-MA) random and block copolymers
Block: P(rBA-b-MA); Random: P(1BA-r-MA)-7
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Then, the selective hydrolysis of fBA unit in the P(/ BA-MA) copolymer was carried out to prepare P(AA-
MA) copolymers. In the 'H-NMR spectrum (Fig. 3), the characteristic peak of fert-butyl group in fBA units at
0= 1.44 could not be detected any more after hydrolysis reaction. Nevertheless, the methyl group in MA unit
was still reserved showing signals at & = 3.6 in the spectrum. This indicates that the selective elimination of
isobutylene from P(fBA-MA) copolymer was successful. Meantime, the characteristic peak of carboxyl proton is
also detected at o= 12.3, which further confirms that the hydrolysis of fert-butyl group has been achieved.

DMSO
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I
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J @é——l
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o
Fig. 3 "H-NMR spectrum of P(AA-MA) copolymer (from P(/BA-r-MA)-7)

The DSC curves of P(AA-MA) copolymers are shown in Fig. 4. For random copolymer, only one 7, was
detected around 45°C between the T, of PMA and PAA homopolymers, indicating the random sequence
structure of the copolymer. However, for the block copolymer, two T,s at 20°C and 90°C corresponding to
PMA and PAA blocks were detected respectively. The DSC results further demonstrated the successful
synthesis of random and block P(AA-MA) copolymers.

a) Random
b) Block

Heat flow

20 0 20 40 60 80 100 120 140
Temperature (°C)

Fig. 4 DSC curves of the P(AA-MA) random and block copolymers
Block: from P(tBA-b-MA); Random: from P(fBA--MA)-7

Pervaporation Performance

A serial of P(AA-r-MA) random copolymers with similar composition (MA/AA = 1:1, mol/mol) but different
molecular weights have been synthesized and used as membrane materials for the separation of 50 wt%
benzene/cyclohexane mixture via pervaporation. As Fig. 5 shows, with the increasing of copolymer molecular
weight, the permeate flux decreased rapidly. On the other hand, the P(AA--MA) random copolymer membranes
showed no selectivity for both benzene and cyclohexane at low molecular weight, and cyclohexane selectivity at
high molecular weight.
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Fig. 5 Effect of molecular weight of random copolymers on separation factor
and permeate flux to 50 wt% benzene/cyclohexane mixture

P(AA-r-MA) random copolymer and P(AA-b-MA) block copolymer with similar molecular weight (8500
Dalton) and composition (MA/AA = 1.86:1, mol/mol) were also synthesized and used for separation of
benzene/cyclohexane mixture by pervaporation. As shown in Fig. 6, for random copolymer, although the
benzene-affable component MA in copolymer was raised to 64 mol%, the membrane still shows no selectivity
on benzene when the benzene concentration was ranged from 10 wt% to 90 wt%. Nevertheless, the P(AA-b-
MA) block copolymer showed good benzene selectivity under the same conditions, and the separation factor
generally decreased with the increasing of benzene concentration. At low benzene concentration (10 wt%), the
separation factor was also low, which might be attributed to the fact that the membrane couldn't be properly
swollen and the relative equilibrium was hard to be built at low benzene concentration'* ¥, Comparing the
pervaporation performances of block and random copolymer membranes, a conclusion could be drawn that the
membrane selectivity is affected by the sequence structure rather than the composition of copolymers. Figure 7
describes the relationship between permeate flux and benzene concentration using random and block P(AA-MA)
copolymer membranes. The permeate flux of block copolymer membrane raised rapidly when benzene
concentration increased. For the random copolymer, the permeate flux didn’t change significantly with different
benzene concentrations.
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Fig. 6 Effect of sequence structure on separation
factor to benzene/cyclohexane mixture
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Fig. 7 Effect of sequence structure on permeate flux
at different benzene concentrations
Block: from P(tBA-b-MA); Random: from P(tBA-r-

MA)-7



294 G.F. Xu and W.P. Zhu

Swelling Behavior and Permselectivity Analysis of P(AA-MA) Copolymer Membranes

To further investigate the mechanism of selectivity, the swelling behavior of copolymer membranes with
different sequence structures was studied in benzene/cyclohexane mixture at 30 wt% (low) and 70 wt% (high)
benzene concentration respectively. As shown in Fig. 8, the swelling degree of block copolymer membrane
increases with the increasing of benzene concentration, which suggests that the copolymer with block sequence
structure is more affable to benzene than cyclohexane. However, for random copolymer, the trend is opposite.

Il Block

35r Random

Degree of swelling (%)

0.3 0.7
Benzene concentration (mass ratio)

Fig. 8 Effect of sequence structure on swelling degree at different benzene concentrations
Block: from P(fBA-b-MA); Random: from P(fBA-r-MA)-7

Figure 9 shows the membrane selectivity in different separation processes respectively. For block
copolymer membranes, both the sorption and diffusion process preferred benzene selectivity. But both the
diffusion and total selectivity decreased when benzene concentration increased, which indicated that the sorption
selectivity was more essential than diffusion selectivity. For random copolymer, the sorption, diffusion and total
selectivity didn’t change much with different benzene concentrations. This fact demonstrates that the random
sequence structure in copolymer not only destroys the diffusion channel in membrane, but also changes the
essential property of membrane material.
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Fig. 9 Effect of sequence structure on selectivity at different benzene concentrations
Block: from P(fBA-b-MA); Random: from P(tBA-r-MA)-7
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CONCLUSIONS

Combining ATRP with selective hydrolysis, P(AA-MA) copolymers with different molecular weights and
sequence structures were prepared. These copolymers were used as membrane materials to separate
benzene/cyclohexane mixture by pervaporation. Random copolymer membranes showed no selectivity or
cyclohexane selectivity to benzene/cyclohexane mixture, yet block copolymer ones showed good benzene
selectivity with a separation factor of 4.3 and a permeate flux of 157 g/(m’h) to 50 wt% benzene/cyclohexane

mixture.

REFERENCES

O© 00 9 O L AW N —

N R R R = m e e e e =
W N = O O 0 0 N i A W DN — O

Villaluenga, J.P.G. and Tabe-Mohammadi, A., J. Membr. Sci., 2000, 169(2): 159

Inui, K., Tsukamoto, K., Miyata, T. and Uragami, T., J. Membr. Sci., 1998, 138: 67

Inui, K. Miyata, T. and Uragami, T., J. Polym. Sci. Part B: Polym. Phys., 1997, 35: 699

Stichlmair, J.G. and Fair, J.R., “Distillation: principles and practice”, Wiley-VCH, New York, 1998, p. 22
Sun, F.M. and Ruckenstein, E., J. Membr. Sci., 1995, 99: 273

Zhan, X., Li, J.D., Fan, C. and Han, X.L., Chinese J. Polym. Sci., 2010, 28(4): 625

Mulder, M., “Basic principles of membrane technology”, Kluwer Academic Publishers, Netherlands, 2000
Dubey, V., Pandey, L.K. and Saxena, C., J. Membr. Sci., 2005, 251: 131

Dubey, V., Saxena, C., Singh, L., Ramana, K.V. and Chauhan, S., Sep. Purif. Technol., 2002, 27: 163
Pandey, L.K., Saxena, C. and Dubey, V., J. Membr. Sci., 2003, 227: 173

Garcia Villaluenga, J.P. and Tabe-Mohammadi, A., J. Membr. Sci., 2000, 169: 159

Ray, S.K., Sawant, S.B., Joshi, J.B. and Pangarkar, V.G., Ind. Eng. Chem. Res., 1997, 36: 193

An, Q.F., Qian, J.W., Sun, H.B., Wang, L.N., Zhang, L. and Chen, H.L., J. Membr. Sci., 2003, 222: 113
Kusumocahyo, S.P., Kanamori, T., Sumaru, K., Iwatsubo, T. and Shinbo, T., J. Membr. Sci., 2004, 231: 127
Martin, E.C. and Kelly, L.T., 1961, U.S. Pat., 2.981.730

Terada, J., Hohjoh, T., Yoshimasu, S., Ikemi, M. and Shinohara, 1., Polym. J., 1982, 14: 347

An, Q.F., Qian, J.W., Zhao, Q. and Gao, C.J., J. Membr. Sci., 2008, 313: 60

Miyata, T., Obata, S. and Uragami, T., Macromolecules, 1999, 32: 3712

Uragami, T., Meotoiwa, T. and Miyata, T., Macromolecules, 2003, 36: 2041

Inui, K., Okumura, H., Miyata, T. and Uragami, T., Polym. Bull., 1997, 39: 733

Zhang, P., Qian, J.W., Yang, Y., Bai, Y.X., An, Q.F. and Yan, W.D., J. Membr. Sci., 2007, 288: 280
Pandey, L.K., Saxena, C. and Dubey, V., J. Membr. Sci., 2003, 227: 173

Wang, Y.C,, Li, C.L., Huang, J., Lin, C., Lee, K.R., Liawd, D.J. and Lai, J.Y., J. Membr. Sci., 2001, 185: 193




<<
  /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
  /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 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 (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /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 0.15
    /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 290
  /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 0.15
    /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 800
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /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


