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Electrospinning is one of the most popular techniques for generating fibres with
the diameters ranged from tens of nanometers to several micrometers. The
properties of as-spun nanofibres including crystallizability, mechanical 

performances, and biofunctioning are controlled and affected by several parameters,
e.g., electrospinning solvent, temperature, humidity, and polymer characteristics. In
order to re-verify the theory that the morphology of electrospun nanofibres is influenced
by solvents used to dissolve polymer, the present study was carried out in which 
polymethyl methacrylate (PMMA) was chosen as the solute and processed into nano-
fibres by means of electrospinning. Seven solvents were separately used to dissolve
PMMA at the concentration of 0.06 g/mL. As a result, ring-like, bead-like, ultrafine, and
nano-porous nanofibres were generated from PMMA solutions by electrospinning.
Because all solvents used in this study dissolved PMMA readily, the different 
morphologies were not due to their abilities to dissolve PMMA, but rather due to other
properties such as boiling points, molecular weight, and molecular structure. Therefore,
ring-like PMMA fibres was obtained due to the high boiling point (110°C) and 
stereo-hindrance effect of toluene. Bead-like nanofibres were generated from
PMMA/chloroform and PMMA/dichloromethane solutions. Moreover, two kinds of 
ultrafine nanofibres were produced through electrospinning of PMMA/1,1,1,3,3,3-
hexafluoro-2-propanol, and PMMA/2,2,2-trifluoroethanol solutions.

INTRODUCTION

Electrospinning is a technique that
utilizes electric force alone to drive
the spinning process and to 
produce polymer fibres from 
solutions or melts [1-5]. Unlike
conventional spinning techniques
(e.g., solution- and melt-spinning)
which are capable of producing
fibres with diameters in micro-
meter scale, electrospinning is
capable of producing fibres with
diameters in nanometer range.
Electrospun polymer nanofibres

possess many extraordinary prop-
erties including small diameters
and the concomitant large specific
surface areas, a high degree of
structural perfection, and the
resultant superior mechanical prop-
erties. Additionally, the non-woven
fabrics (mats) made of electrospun
polymer nanofibres offer a unique
capability to control the pore size
among the nanofibres. Unlike
nanorods, nanotubes, and
nanowires that are produced mainly
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by synthetic bottom-up methods, electrospun 
nanofibres are produced through a top-down 
nano-manufacturing process which results in 
continuous and low-cost nanofibres that are also 
relatively easy to align, assemble, and process into
final applications [3].

In the electrospinning process, a high electric field
is applied to polymer solution which is held in plastic
syringe with a capillary needle. An electric force
caused by mutual charge repulsion acts opposite to
surface tension [3,6]. When the electric field is high
enough, the polymer solution in the tip of the 
capillary needle elongates and forms a cone, known
as Taylor cone. A critical value of the electric field
exists for which the repulsive electrical force 
overcomes the surface tension. The polymer solution
could generate a charge jet from the tip of the Taylor
cone when a critical value is reached. As the jet 
accelerates and thins in the electric field, radial
charge repulsion results in splitting of the primary jet
into multiple filaments [6].

The number of publications on electrospinning
has increased dramatically during the past decade,
focusing on the morphologies of nanofibres. The
morphology of electrospun nanofibres is affected by
many factors, such as needle diameter, polymer 
concentration, electrospinning voltage, etc. [6,7]. For
example, low polymer concentration and thin needle
diameter may produce bead structure fibres, whereas
high concentration can lead to larger fibre diameter,
and the latter tends to decrease with increasing 
electrospinning voltage, although its influence is not
as great as that of the polymer concentration. Beside
these criteria, the electrospun solvent is also a major
determining factor which affects fibre morphology
[8-12].

It is well known that the solution properties
strongly depend on the components of polymers and
solvents. In general, the original properties of 
solvents such as boiling point, viscosity, surface 
tension, conductivity, solubility parameter, dielectric
constant, etc., affect the ultimate property of polymer
solutions. Based on the theoretical analysis and
experimental studies carried out by Liu et al. [13] it
has been revealed that beads-like nanofibre structure
strongly depends upon type of solvent, weight 
concentration, and presence of a salt as additive. It

was also reported that either a suitable weight con-
centration or a proper salt additive can completely
prevent the occurrence of beads in the electrospinning
process and solvents may have effect on the 
number of beads and the morphology of electrospun
fibres. 

In order to re-verify the conclusions made by Liu
et al. [13] some experiments were conducted for 
testing the solvents effect on the morphologies of
electrospun polymers. PMMA was selected to 
dissolve separately in seven different solvents 
(acetone, chloroform (CH3Cl), dichloromethane
(CH2Cl2), tetrahydrofuran (THF), toluene,
1,1,1,3,3,3-hexafluoro-2-propanol (HFIP), and 2,2,2-
trifluoroethanol (TFE)) to make clear solutions, and
then these solutions were processed by electrospin-
ning. The morphologies of the produced nanofibres
were observed by scanning electron microscopy
(SEM) and explained by theoretical analysis. 

EXPERIMENTAL

Materials
PMMA (Mw =350000) was purchased from Sigma-
Aldrich (USA). Seven solvents of acetone, CH3Cl,
CH2Cl2, THF, toluene, HFIP, and TFE of analytical
research grades were obtained from Darui 
Finechem Co. Ltd. (China). Each solution was used
without further purification to dissolve PMMA
at room temperature with sufficient stirring 
where the concentration of PMMA in electrospinning
solution was 0.06 g/mL.

Electrospinning
The experimental set-up used for conducting 
electrospinning is schematically shown in Figure 1.
The setup included a high voltage power supply
(BGG DC high-voltage generator) purchased from
the BMEI Co. Ltd. (Beijing, China) and a digitally
controlled and extremely accurate syringe pump
(789100C, Cole-Palmer, USA). During electrospin-
ning, a positive high voltage of 20 kV was applied at
the tip of a syringe needle of 0.9 mm inner diameter.
The electrospun nanofibres were collected on a piece
of aluminium foil placed at a distance of 15 cm below
the tip of the syringe needle. The mass flow rate was 
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Figure 1. Schematic representation of the electrospinning
setup.

maintained at 1.2 mL/h. The electrospinning was 
conducted at room temperature.

Fibres Morphology
Morphology of the nanofibres was observed using a
scanning electron microscope (SEM, Hitachi 
S-2360N, Japan) at an accelerated voltage of 15 kV.
Prior to scanning by electron microscope, the samples
were sputter coated for 90 s with gold using a 
Jeol JFC-1200 fine coater. The diameter of the 
fabricated nanofibres was measured based on SEM
images using image visualization software Image-J
developed at Upper Austria University of Applied
Sciences.

RESULTS AND DISCUSSION 

To examine the quality of solvents for dissolving
PMMA, we cited a general rule which had been 
mentioned in Pattamaprom et al. study [14]. The 
calculation of chi parameter (χ) for polystyrene 
solution produced from each solvent was carried out
according to eqn (1):

(1)

The chi parameter (χ) shows the degree of solvent/
polymer compatibility for which χ of less than 0.5
represents favourable solvents and above 0.5 shows
unfovourable polymer-solvent interactions and 
therefore the solvent is not able to dissolve the 
polymer. It is also a classical theory that, the lower
value of χ in a polymer solution system indicates the
better solvent for the dissolved polymer. The solvents
used in this study can be evaluated by eqn (2):

(2)

where the subscripts s and p denote solvent and 
polymer, respectively. The solubility parameter (δ)
and the density (ρ) were determined at an absolute
temperature T. Ms is the solvent molecular weight and
R is the universal gas constant. Also in the study by
Pattamaprom et al. [14], it is found that the general
rule has some exceptions as it does not compare each
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Solvent
Chemical
formula

Tb

(°C)
ρ

(g cm-3)
δ

(MPa1/2)
χ

Toluene
Dichloromethane
Tetrahydrofuran (THF)
1,1,1,3,3,3-Hexafluoro-2-propanol (HFIP)
Acetone
Chloroform 
2,2,2-Trifluoroethanol (TFE)

C6H5CH3

CH2Cl2
C4H8O
C3H2OF6

C3H6O
CHCl3
C2H3OF3

111.0
40.0
66.0
59.0
56.0
62.0
73.6

0.82
1.33
0.87
1.60
0.78
1.47
1.38

18.2
19.8
19.5
20.0
20.0
19.0
22.5

0.03
0.02
0.01
0.04
0.03
0.00
0.32

Table 1. Properties of seven solvents used for electrospinning. Tb: boiling point, η: viscosity, ρ: density, δ: solubility
parameter.



type of secondary forces individually. For example,
DMF and nitrobenzene could dissolve polystyrene at
all concentrations even though the χ parameter is
much higher than 0.5. Therefore, the general rule is
only a relative estimated standard for polymer 
solutions. Some basic properties of these solutions
(boiling point, density, viscosity, and solubility
parameter) are summarized in Table 1. The solubility
parameter of PMMA was set as 19.0.

Effect of Solvent Properties and Functionality
In order to explain the effect of solvents on the 
morphology of the as-spun fibres, analysis of all
forces acting on a small segment of a charged jet is
necessary. As it is described in the study by
Jarusuwannapoom et al. [15], six types of acting
forces may be considered; (1) body or gravitational
force, (2) electrostatic force which carries the charged
jet from the spinneret to the target, (3) Coulombic
force which tries to push apart adjacent charged 
carriers being present within the jet segment and is
responsible for the stretching of the charged jet 
during its flight to the target, (4) viscoelastic force
which tries to prevent the charged jet from stretching, 
(5) surface tension which also acts against the 
stretching of the surface of the charged jet, and 
(6) drag force from the friction between the charged
jet and the surrounding air. Among these forces,
because gravitational force, electrostatic force, and
drag force between charged jet and air are generally
the same for each solvent used in electrospinning,
only forces due to the Coulombic, the viscoelastic,
and the surface tension are responsible for the 
formation of nanofibres morphology during the elec-
trospinning processes from needle end to the target.

As shown in Table 1, the values of χ for each 
solvent was lower than 0.05, therefore, it is reasonable
to understand that all the solvents used in this research
showed favourable interactions with PMMA.
However, as depicted in Figures 2-8, the morpholo-
gies of PMMA electrospun materials are different.
There are four kinds of morphologies present as: 
ring-like particles, bead-like nanofibres, ultrafine
nanofibres, and nanofibres with surface porosities.

Ring-like Particles
Toluene was able to dissolve PMMA of 0.06 g/mL

Figure 2. Morphology micrographs of electrospun PMMA
nanofibres from toluene.

concentration within 1 day. For the solubility param-
eters of both PMMA and toluene being close to each
other, toluene easily dissolves PMMA and form a
uniform solution. However, it is noted that toluene
has a relatively high boiling point of 111°C, which
could force some solvents out of the system at the
time of electrospinning of PMMA. But, toluene 
molecule has a phenyl group, which might inhibit
PMMA chains to elongate during the electrospinning
process because of the stereohindrance effect of the
phenyl groups and instead, PMMA is easily 
coagulated. Therefore, as shown in Figure 2, a 
ring-like shape of PMMA has been obtained on the
collecting plate. Also, the PMMA electrospun 
filaments from this solution system have declined to
bind with each other and have produced a honeycomb
structure.

Bead-like Nanofibres
PMMA was dissolved in CH2Cl2 and CHCl3 within a
day. The two non-polar solvents have similar 
properties of solubility parameters and relative 
density. As universal polymer solvents, they were
used for both research and industrial production. In
this work, we have focused on the ability to dissolve
PMMA to generate nanofibres by electrospinning. As
shown in Figures 3-5, bead-like nanofibres are 
fabricated. Several researchers have investigated this
kind of nanofibres, and given some reasonable 
explanations. Lee et al. [7] reported that the bead-
like nanofibres would be electrosprayed at low 
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Figure 3. Morphology micrographs of electrospun PMMA
nanofibres from CH2Cl2.

concentration, whereas the process of ultrafine
nanofibre formation, known as electrospinning, is
favoured at high concentration. Furthermore, the low
boiling point solvents such as of CH2Cl2 (40°C) and
CHCl3 (62°C) undergo rapid evaporations after 
the splaying and splitting of an unstable jet. The
results of rapid evaporations have led to 
porous appearance as shown in the inset images of
Figures 3 and 4. 

As evident in Figure 6, electrospun PMMA from
TFE solution shows a porous surface. However, there
is no bead-like nanofibre shown in the image.
Moreover, the pore structure is different from the
nanofibres observed in Figures 3 and 4. It is clear to
see that both the pores in bead-like nanofibres are 

Figure 4. Morphology micrographs of electrospun PMMA
nanofibres from CHCl3.

Figure 5. Morphology micrographs of electrospun PMMA
nanofibres from acetone.

rounded, while the pores on the TFE solvent 
electrospun nanofibres are dimple-shapes. 

Ultrafine Nanofibres
In this work, ultrafine nanofibres were defined as
nanofibres with smooth surface and fine fibre 
structure without other types of blemishes. In Figures
7 and 8, there are two kinds of ultrafine PMMA
nanofibres; nanofibres electrospun from PMMA/
HFIP solution blend and nanofibres produced from
THF which are generally uniform and similarly
straight lines. 

In electrospinning, the traveling jet solidifies
through solvent evaporation and the solidified jet
turns into a nanofibre. The solvent evaporation during 

Figure 6. Morphology micrographs of electrospun PMMA
nanofibres from TFE. 
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Figure 7. Morphology micrographs of electrospun PMMA
nanofibres from HFIP.

electrospinning occurs under special conditions
including (1) the jet of micron- or submicron-scaled
diameter, (2) the jet carrying excess charges, and (3)
the solvent(s) evaporate under the influence of a
strong electric field. This would result in abnormally
fast evaporation of solvents during electrospinning.
Nonetheless, the volatilities of solvents still 
significantly affect the solidification process, and 
further influence the morphologies of the electrospun
nanofibres. The bent PMMA nanofibres might be the
result of low volatility of solvent. As HFIP has a 
relatively high molecular weight it results in 
incomplete evaporation of HFIP molecules from the
needle point to the collecting plate of the electrospun
processing site.

Figure 8. Morphology micrographs of electrospun PMMA
nanofibres from THF.

CONCLUSION

The aim of this study was to investigate the potential
fabrication of different nanofibre morphologies from
PMMA solutions by electrospinning. Three kinds of
nanofibres including bead-like, ring-like and ultrafine
nanofibres were successfully made from seven 
different PMMA solutions. Moreover, the present
study also re-verified Liu et al. [13] theory, which is
said that beads-like nanofibres strongly depend upon
the properties of solvents. There are several usages for
the nanofibres with porous surfaces. For example,
these nanofibres may serve as an invisible coating
device (e.g., stealth plane, which is black to radar
waves). As He et al. [16] have shown that in case of
0.1 < d/k < 10, where d is the diameter of the
nanopores, k is the wavelength of a radiation which is
absorbed. In addition, nanofibres with porous surfaces
also could be used as tissue engineering scaffold,
because nanopores provide relatively large surface
areas for cells to adhere and benefit nutrition to 
penetrate.

ACKNOWLEDGEMENT

This research was supported by the Natural Science
Foundation of Shanghai (07ZR14001), the Open
Foundation of the State Key Laboratory for
Modification of Chemical Fibers and Polymer
Materials, and the 111 Project (B07024) at Donghua
University (Shanghai, China).

REFERENCES

1. Li X, Su Y, He C, Wang H, Fong H, Mo X,
Sorbitan monooleate and poly(L-lactide-co-capro-
lactone) electrospun nanofibers for endothelial cell
interactions, J Biomed Mater Res, 91, 878-
885, 2009.

2. Li X, Su Y, Liu S, Tan L, Mo X, Ramakrishnad S,
Encapsulation of proteins in poly(L-lactide-co-
caprolactone) fibers by emulsion electrospinning,
Colloid Surface B, 75, 418-424, 2010.

3. Li X, Su Y, Zhou X, Mo X, Distribution of sorbi-
tan monooleate in poly(L-lactide-co-caprolactone)

Electrospinning of Polymethyl Methacrylate ... Qian Y-F et al.

128 Iranian Polymer Journal / Volume 19 Number 2 (2010)

 

 



nanofibers from emulsion electrospinning, Colloid
Surface B, 69, 221-224, 2009.

4. Qian Y, Li X, Su Y, Ke Q, Mo X, Fabrication and
characterization of polycaprolactone/chloro-
phyllin sodium copper salt nanofibrous mats from
2,2,2-trifluoroethanol solution by electrospinning,
Iran Polym J, 18, 265-274, 2009.

5.  Su Y, Li X, Tan L, Huang C, Mo X, Poly(L-lactide-
co-3-caprolactone) electrospun nanofibers for
encapsulating and sustained releasing proteins,
Polymer, 50, 4212-4219, 2009.

6. Piperno S, Lozzi L, Rastelli M, Passacantando M,
Sautucci S, PMMA nanofibers production by elec-
trospinning, Appl Surf Sci, 252, 5583-5586, 2006.

7. Mo X, Xu C, Kotaki M, Ramakrishna S,
Electrospun P(LLA-CL) nanofiber: a biomimetic
extracellular matrix for smooth muscle cell and
endothelial cell proliferation, Biomaterials, 25,
1883-1890, 2004.

8. Yang Q, Li Z, Hong Y, Zhao Y, Qiu S, Wang C,
Influence of solvents on the formation of ultrathin
uniform poly(vinyl pyrrolidone) nanofibers with
electrospinning, J Polym Sci B, 42, 3721-
3726, 2004.

9. Selling G, Biswas A, Patel A, Walls D, Dunlap C,
Wei Y, Impact of solvent on electrospinning of
zein and analysis of resulting fibers, Macromol
Chem Phys, 208, 1002-1010, 2007.

10. Qin X, Wang S, Effect of solution conductivity on
electrospinning jet, Proc Inter Conf Advanc
Fibers Polym Mater, Shanghai, China, 792-
796, 2005.

11. Lu C, Chen P, Li J, Zhang Y, Computer simula-
tion of electrospinning. Part I: effect of solvent in 
electrospinning, Polymer, 47, 915-921, 2006.

12. Wu X, Wang L, Yu H, Huang Y. Effect of solvent
on morphology of electrospinning ethyl cellulose
fibers, J Appl Polym Sci, 97, 1292-1297, 2005.

13. Liu Y, He J, Yu J, Controlling numbers and sizes
of beads in electrospun nanofibers, Polym Int, 57,
632-636, 2008.

14. Pattamaprom C, Hongrojjanawiwat W,
Koombhongse P, Supaphol P, Jarusuwannapoo T,
Rangkupan R, The influence of solvent properties
and functionality on the electrospinnability of
polystyrene nanofibers, Macromol Mater Eng,
291, 840-847, 2006.

15. Jarusuwannapoom T, Hongroijanawiwat W,
Jitjaicham S, Wannatong L, Nithitanakul M,
Pattamaprom C, Effect of solvents on electro-
spinnability of polystyrene solutions and morpho-
logical appearance of resulting electrospun poly-
styrene fibers, Eur Polym J, 41, 409-421, 2005.

16. He J, Liu Y, Xu L, Yu JY, Microsphere with
nanoporosity by electrospinning, Chaos Soliton
Fract, 32, 1096-1100, 2007.

Electrospinning of Polymethyl Methacrylate ...Qian Y-F et al.

Iranian Polymer Journal / Volume 19 Number 2 (2010) 129



<<
  /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


