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NANOFIBROUS MATS WITH BIRD’S NEST PATTERNS BY ELECTROSPINNING®

Xiang-yu Ye, Xiao-jun Huang and Zhi-kang Xu"™
MOE Key Laboratory of Macromolecular Synthesis and Functionalization,
Department of Polymer Science and Engineering, Zhejiang University, Hangzhou 310027, China

Abstract Electrospun material with bio-inspired ordered architectures and patterns is very interesting, yet remains a
challenge. We report here that nanofibrous mats with bird’s nest patterned structures can be directly electrospun from
chlorinated polypropylene solutions doped with an ionic liquid. The solution viscosity and the ionic liquid content are two
dominant factors to influence the topological morphology of the nanofibrous mats. The patterned structures can be further
modulated by the collection time of electrospinning, the humidity of environment and the design of collector. We suggest the
electrostatic repulsion between the residual charges of the mat surface and the upcoming nanofibers plays a key role in the
formation of the bird’s nest patterns.
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INTRODUCTION

In view of the oceans of time that nature has had to optimize and perfect itself, it is not surprising that
biomimicry is one of the most rapidly growing research fields, especially for material scientists. Based on
various biomimicry approaches, a series of advanced materials with bio-inspired structures have been developed
in recent years. The prominent advantage of bio-inspired structures is to make the most economical use of
materials to achieve optimized performances, while an important feature is that they usually have ordered or
patterned construction. One of these bio-inspired structures is the historical landmark for the Olympics of
2008 — Beijing National Stadium. In this landmark, the structural elements mutually support each other and
converge into a grid-like formation. It is almost like a bird's nest with its interwoven twigs, so its nickname is
‘Bird’s Nest’. Such a bio-inspired structure ensures that the high rise building is strong enough to withstand an
earthquake (Grade 8-9) and go through all the vicissitudes just as birds do.

Various technologies have been explored to construct ordered or patterned structures for advanced
materials. Electrospinning has been preliminarily demonstrated as a simple and versatile method for this
purpose. For example, Xia et al. have reported that by introducing a gap into a conventional plate collector,
uniaxially aligned nanofibers over large area can be electrospun'!. They have also indicated that the area and
geometric shape of the insulating gap have effects on the ordered deposition of nanofibers'®). Zhang et al. have
prepared electrospun mats with patterned architectures using electroconductive templates (a woven wire fabric),
and showed that protrusions in the collector are important parameters”’. This method has also been developed
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by Zhang, and Chang to achieve patterned organization on nanofibrous tubes'*. More recently, Ziaie et al. have
reported the selective deposition of nanofibers on an elastomeric substrate with gold-coated pyramidal
protrusions and indicated this technique as ‘field-enhanced electrospinning’™. Star and radial fiber patterns have
also been prepared by using enamel-coated steel sheets as collector'®. The central points here are to change the
electric field distributions and control the jet path during the electrospinning process. Ramakrishna ef al. have
comprehensively reviewed the electrospinning setups and processes that can be used to fabricate ordered
nanofibers'”). Alternatively, precisely defined microarchitechures were available by combining electrospinning
with microcontact printing or photolithographic process™ 'l Despite the great progress researchers have made,
however, approaches applied so far are not a panacea for the preparation of ordered or patterned structures,
because complicated electrospinning setups or exquisite laboratory procedures are often required. In addition,
the area of patterned structure is usually limited, thus preventing the massive preparation of desired nanofibrous
mats.

Herein, we describe the preparation of a bio-inspired patterned structure of nanofibrous mats by one-step
electrospinning. These patterned nanofibrous mats can be directly electrospun on a common plate collector
when chlorinated polypropylene (CPP) or polystyrene (PS) in xylene/cyclohexanone (1:1 V/V) solutions were
doped with an ionic liquid — 1-dodecyl-3-methylimidazolium hexafluorophosphate. Even more interesting is
that such patterned structures are very similar to Beijing National Stadium-‘Bird’s Nest’ at micron dimension
(Fig. 1). Further studies indicate that it is possible for us to control the patterned structures by simply varying the
electrospinning parameters.

Fig. 1 Images of (a) Beijing National Stadium-Bird's Nest and (b, c) as-prepared electrospun nanofibrous mats

EXPERIMENTAL

Chlorinated polypropylene (CPP) was purchased from Hangzhou Juli Chemical Co., Ltd and purified by
precipitating a 150 g/L xylene solution into a 10-fold excess of cold ethanol for 3 times before use. The
chlorinated degree was about 30 wt% by elemental analysis (Flash EA 1112, ThermoFinnigan, USA). The
number-average molecular weight determined by a Waters gel permeation chromatograph (GPC) system was
1.08 x 10° with a polydispersity 2.4. THF was used as the eluent and GPC standard polystyrene as the
calibration standard. Polystyrene (PS, M, = 8.13 x 10*, PDI = 2.89) was got from Zhenjiang Chi Mei Chemical
Co., Ltd and used without purification. 1-Dodecyl-3-methylimidazolium hexafluorophosphate [C12Mim]-[PF6]
(purity > 95%) was supplied by Lanzhou Greenchem ILS, LICP, CAS and used without further treatment.
Xylene, cyclohexanone and ethanol were of analytical grade and used as received.

An electrospinning solution was prepared by dissolving certain amounts of CPP or PS and [C12Mim]-[PF6]
in xylene/cyclohexanone (1:1 ¥/¥) mixed solvent for at least 5 h at 60°C with gently magnetic stirring. Different
samples were assigned as CPP A+B or PS A+B according to the solution compositions. Taking CPP 18 + 15 as
an example, this means there was 180 g/ CPP in the solution, and the relative weight content of
[C12Mim]-[PF6] to CPP was 15 wt%. After removing the air bubbles completely, the solution was transferred
into a plastic syringe (20 mL) and electrospinning was performed with following conditions: applied voltage
9.5 kV, flow rate 0.5 mL/h, tip-to-collector distance 15 cm, diameter of stainless steel needle 1.2 mm, room
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temperature. The electrospinning process was conducted in an enclosed chamber, in which the relative humidity
could be controlled by dehumidifier/steam humidifier from 35% to 80%.

The viscosity and conductivity of polymer solutions were measured with a TA AR-G2 steel cone rheometer
(cone angle 2°, D = 40 mm) at 25°C and a conductivity meter (FE30, Mettler Toledo, Switzerland). Field
emission scanning electron microscopy (FESEM, SIRION-100, FEI, USA) was employed at 25 kV to study the
morphology of the bird’s nest patterned nanofibrous mats after samples were sputtering coated with gold.

RESULTS AND DISCUSSION

It is well known electrospinning polyolefins into nanofibrous mats is relatively difficult because these polymers
can not be dissolved in polar solvents. Polyolefin solutions from non-polar solvents usually have low dielectric
constant and poor conductivity, which in turn result in poor electrospinnability. However, this hurdle can be
overcome by just adding a small amount of ionic liquids, such as 1-dodecyl-3-methylimidazolium
hexafluorophosphate ([C12Mim]-[PF6]). lonic liquids are chosen here mainly because they have high electrical
conductivity and their solubility properties can be easily modulated by changing one of the ions. As can be seen
from Fig. 2, when pure CPP solution in xylene/cyclohexanone is adopted, there are only serious beaded-fibers
on the collector (Fig. 2a) and beads can not be eliminated by simply increasing polymer concentration. The
formation of beaded-fibers is due to the low charge density of the polymer solution'?, which results in
insufficient stretch of the jet during the whipping process. With the addition of [C12Mim]-[PF6], the fiber
morphology changes from beaded-fibers to smooth nanofibers with an average diameter of about 230 nm
(Fig. 2b to 2d). This improvement of electrospinnability should be mainly ascribed to the increased conductivity
of the polymer solution. The viscosity varies a little while the conductivity increases about 350 times from
(0.105 £ 0.007) uS/cm to (37.53 £ 2.203) uS/cm when 10 wt% ionic liquid was added (Fig. 3). It is particularly
interesting that there are some unanticipated patterns similar to bird’s nest structure in the nanofibrous mats from
a solution of 180 g/L CPP doped with 10 wt% [C12Mim]-[PF6] (designed as CPP 18+10, see experimental
section) (Fig. 2c). Furthermore, these structures are reproducible and their appearance is not a coincidence
themselves.

Fig. 2 SEM pictures of the nanofibrous mats electrospun from CPP solutions with different
ionic liquid content: (a) CPP 18+0, (b) CPP 18+5, (c) CPP 18+10 and (d) CPP 18+15
The collection time is 20 min and relative humidity is 50%.

A combinatorial study of various solutions with different CPP concentrations and ionic liquid contents was
conducted to correlate the solution property with the formation of patterned structures (Table S1 in
supplementary material). Accordingly, three different topological morphologies can be obtained: patterned
structures with beaded-fibers, patterned structures with uniform nanofibers and common mats with uniform
nanofibers (Fig. 4). The formation of beaded-fibers at low CPP concentrations is due to the insufficient density
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of chain entanglement even when the conductivity of polymer solution is high enough!'*. We note that the nest
structure is a little parallelism to the dimpled structure reported by Ramakrishna et al.'*! and the honeycomb
structure described by Deitzel ez al'>. However, the dimpled and honeycomb structures were mainly composed
of polymer beads. The authors attributed these structures to the build-up of electrostatic charges on the deposited
collectors. This conclusion seems reasonable when polymer solutions with low dielectric constant and poor
conductivity are electrospun. The as-prepared nanofibers would carry residual charges after deposition on the
collector, and previous studies have showed that the surface potential is as high as 300 V within 5 min
electrospinning”®. In our cases, the ionic liquid has intrinsic good conductivity and as its content is increased
beyond a critical threshold value, the electrospun nanofibers should have good conductivity and the static-charge
accumulation is reduced or even eliminated"'®. However, for the nanofibers with low ionic liquid content, they
would behave like electrically insulating substrates and the charge accumulation is unavoidable. We also found
that the critical ionic liquid content value decreased as the CPP concentration increased. It is because the fiber
diameter increases exponentially with the polymer concentration which would promote the discharge process.
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Fig. 3 Conductivity and viscosity change of 180 g/L CPP solution with content of [C12Mim]-[PF6]
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Fig. 4 Characteristics of CPP solutions and their influences on the topological morphology of CPP
nanofibrous mats: (Zone a) patterned structures with beaded-fibers, (Zone b) patterned structures with
uniform nanofibers and (Zone ¢) common mats with uniform nanofibers
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The bird’s nest patterned structures are mainly composed of nanofibrous bundles as the nest walls. A
possible mechanism to account for the aggregate nanofibers with ionic liquid doped solutions has been proposed
by Heiden et al.: negative charge is drawn back through the positively charged jet, so that these nanofiber
segments begin to have excess negative charge; those segments closer to the needle with excess positive charge
are drawn first towards the negatively charged nanofiber segments before hitting the collector as the collector
repels them at the same time. They call this process ‘backbuidling’ !'”- ¥l Here, besides the nanofiber bundles
(Fig. 5a), some conjoined nanofibers (Fig. Sb) can also be found and it is particularly interesting to note that
there exist twisted nanofibers (Fig. 5¢). Yet no branched nanofibers can be found here, demonstrating that the
nanofibers are completely dry when they meet each other and the ‘backbuilding’ process happens very near the
collector. Moreover, the patterned structures vanish when the applied voltage increases to 11 kV (Fig. S1 in
supplementary material). A possible reason is that, at high voltage, the electrospinning speed is so high that the
nanofibers do not have enough time to ‘backbuild’ before arriving at the collector.

Fig. 5 (a) Nanofibrous bundles, (b) conjoined and (c) twisted nanofibers in the nanofibrous mats

To further demonstrate the formation mechanism of the patterned structures and to regulate them, various
processing parameters which would influence the charge accumulation were taken into consideration. Taking
CPP 18+10 as an example, their effects on the topological morphology of as-prepared mats were examined.
Figure 6 displays the representative images of CPP/[C12Mim]-[PF6] nanofibrous mats collected on aluminum
plate over six different periods of time. A whole procedure for the formation of patterned structures can be
observed. Obvious changes occur in the surface morphology of the nanofibrous mats with collection time. At the
very beginning, there are only some smooth nanofibers (Fig. 6a). Then bundles start to appear (Fig. 6b). At
5 min, some patterned structures form and their construction is similar to the bird’s nest at micron dimension
(Fig. 6¢). As the collection time further increases, the bird’s nest structures become more and more obvious
(Figs. 6d, 6e). When the electrospinning is continued for 180 min, the bird’s nest patterned structures are even
observable with naked eyes (Figs. 6f, 6g). The explanations are as follows: at first only a few fibers spread on
the plate and the charges on the nanofibers can be easily dissipated through the grounded aluminum foil. When a
uniform thick layer of nanofibers is deposited, surface discharging becomes less efficient and positive charges
start to accumulate on the nanofibrous mats. Liompart et al. calculated the charge saturation value of electrically
insulating substrates and implied that there did have a critical substrate thickness S~ beyond which non-uniform
collection would happen!'”. Then bundles and bird’s nest structures begin to appear. Eventually, the bundles
build up enough electrostatic charges to prevent nanofibers from lying directly on the mats, most of the
nanofibers form new bundles and few are suspended slightly above the nest, leading a patterned structure to
form!"?),

Further, the electrospinning process was conducted at different relative humidity (Table 1). High relative
humidity results in large fiber diameter as water induces the precipitation of polymer jet*” and water in the air
promotes the discharge process!', both of them help to reduce charge accumulation. As expected, for CPP
18+10, at low (Fig. 7a) or middle relative humidity (Fig. 7b), the patterned structures exist. When relative
humidity is up to 75%, the patterned structures disappear (Fig. 7c). There is a negative correlation between the
ionic liquid content and the critical relative humidity. When the ionic liquid content increases to 12%, the critical
relative humidity decreases to 55%. As the ionic liquid content is further raised up to 15%, only nanofibrous
mats with uniform topological morphology appear at whatever relative humidity.
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Fig. 6 Effects of collection time on the topology structure of the nanofibrous mats: (a) 1 min, (b) 3 min, (c) 5 min,
(d) 20 min, (e) 60 min, (f) 180 min, (g) close-up view of the small rectangle in (f)
Relative humidity is 50%.

Table 1. Effects of relative humidity on the electrospinning of CPP

Sample name Relative humidity (%) Fiber diameter (nm) Membrane morphology
45 221 %26 Bird’s Nest
CPP 18+10 55 284 +£21 Bird’s Nest
75 341+ 39 Nanofibers
45 237134 Bird’s Nest
CPP18+12 55 266 + 36 Nanofibers
CPP 18+15 Nanofibers

Fig. 7 SEM pictures of the nanofibrous mats electrospun from CPP 18+10 at different relative humidity: (a) 45%,

(b) 55% and (¢) 75%
The collection time is 20 min.

The formation of patterned structures can be promoted by using glass as non-conducting collector to
enhance charge accumulation (Fig. S2 in supplementary material). Figure 8 shows the influence of collector
configuration by putting a series of parallel grounded electrodes above the plate collector. For CPP 18+10, even
when the collection time is as short as 3 min, some big holes can be found between air gaps besides aligned
nanofibers and bundles (Fig. 8a). Meanwhile, for CPP 18+15, only aligned fibers can be obtained (Fig. 8c). The
rapid formation of the so-called enlarged bird’s nest patterned structures by simply introducing air gaps mainly
results from the enhanced charge accumulation and strong repulsive interactions between suspended
nanofibers?""??!. After a thick layer of nanofibers covers the air gaps completely at the central part, the surface
morphology of mats is the same as that of plate collector (Figs. 8b, 8d). These visual results further confirm the
role of surface residual charges. To sum up, patterned structures can be readily electrospun from ionic liquid
doped CPP solution with appropriate viscosity and ionic liquid content at certain relative humidity, and those
factors which enhance surface charge accumulation promote the formation of patterned structures, and vice-
versa.
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Fig. 8 Rapid formation of enlarged ‘Bird’s Nest’ patterned structures by using parallel electrolodes as collector:
(a) CPP 18+10, 3 min, (b) CPP 18+10, 20 min, (c) CPP 18+15, 3 min and (d) CPP 18+15, 20 min
Relative humidity is 50%.

Polystyrene was further tested to verify the universality of such bird’s nest structures (Table S2 in
supplementary material). The morphology of as-spun PS nanofibrous mats changes with the same trend as CPP
(Fig. 9). Interestingly, bird’s nest structures can also be electrospun from PS 18+10. However, this phenomenon
does not work for PAN/DMF solution (541.42 mPa-s, (5.20 £ 0.06) uS/cm). These results arise from different
polarities as PAN (&= 6.5) is a polar polymer while CPP (&= 2.6)!**! and PS (&= 2.5) are non-polar polymers,
which further influence the charge accumulation/ discharge process. It should be noted here that the selection of
appropriate solvents is very important and solvent properties like conductivity, volatility and polarity may also
have influence, as it is impossible to construct patterned mats from PS/DMF solution.

Fig. 9 SEM pictures of the nanofibrous mats electrospun from PS solutions with different ionic liquid
contents: (a) PS 18+0, (b) PS 18+5, (¢) PS 18+10 and (d) PS 18+15
The collection time is 20 min and relative humidity is 50%.

From what has been discussed herein, it suggests that charges accumulate on the collected mats with time;
and the electrostatic repulsion between the residual surface charges of nanofibrous mats and the upcoming
nanofibers results in the formation of nanofibrous bundles and patterned structures. However, the influence of
the above discussed parameters may mutually be dependent, and the key parameters will be different in other
electrospinning systems. The patterned mats having unique structure of bird’s nest is endowed with promising
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properties: the nanofiber bundles around the wall result in high mechanical strength, while filtration and air
permeability are maintained in the nest regions**!. Furthermore, considering that CPP and PS are very cheap
industrial polymers, the as-prepared mats have potential application in air filtration field. Moreover, especially
for biomedical applications, this method may be expanded to one-step construct patterned/non-woven
hierarchical structures and the mats can be used as tissue regeneration scaffolds with functional-graded
guidance. It has been previously reported that cells can be infiltrated into porous mats while remain on the
surface of non-woven scaffold* %%,

CONCLUSIONS

In summary, nanofibrous mats with bird’s nest patterns can be readily prepared by electrospinning chlorinated
polypropylene and polystyrene in xylene/cyclohexanone (1:1 V/V) solutions doped with an ionic liquid under
appropriate conditions. The formation procedure of the patterned structures can be viewed as an electrostatic
repulsive interaction driven process. The electrostatic repulsion between the residual surface charges of as-
prepared mats and the upcoming fibers plays a key role here. We believe that our work may provide a new
method for preparing electrospun materials with patterned structures for applications in cell biology and air
filtration.

REFERENCES

Li, D., Wang, Y.L. and Xia, Y.N., Nano. Lett., 2003, 9: 1167

Li, D., Ouyang, G., McCann, J.T. and Xia, Y.N., Nano. Lett., 2005, 5: 913

Zhang, D.M. and Chang, J., Adv. Mat., 2007, 19: 3664

Zhang, D.M. and Chang, J., Nano. Lett., 2008, 8: 3283

Ding, Z.W., Salim, A. and Ziaie B., Langmuir, 2009, 25: 9648.

Zucchelli, A., Fabiani, D., Gualandi, C. and Focarete, M.L., J. Mat. Sci., 2009, 44: 4969

Teo, W.E. and Ramakrishna, S., Nanotechnology., 2006, 17: R89

Shi, J., Wang, L. and Chen, Y., Langmuir, 2009, 25: 6015

Carlberg, B., Wang, T. and Liu, J., Langmuir, 2010, 26: 2235

Yang, H.F. and Dong, L., Langmuir, 2010, 26: 1539

Sharma, C.S., Sharma, A. and Madou, M., Langmuir, 2010, 26: 2218

Lin, T., Wang, H.X., Wang, H.M. and Wang, X.G., Nanotechnology, 2004, 15: 1375

Mckee, M.G., Wilkes, G.L., Colby, R.H. and Long, T.E., Macromolecules, 2004, 37: 1760

Ramakrishna, S., Fujihara, K., Teo, W.E., Lim, T.C. and Ma, Z.W., “An introduction to electrospinning and nanofibers”,
World Scientific, Singapore, 2005, p. 109

15 Deitzel, J.M., Kleinmeyer, J., Harris, D. and Tan, N.C.B., Polymer, 2001, 42: 261

16 Lu, X.B., Zhou, J.H., Zhao, Y.H., Qiu, Y. and Li, J.H., Chem. Mater., 2008, 20: 3420

17 Seo, J.M., Arumugam, G.K., Khan, S. and Heiden, P.A., Macromol. Mater. Eng., 2009, 294: 35

18 Arumugam, G.K., Khan, S. and Heiden, P.A., Macromol. Mater. Eng., 2009, 294: 45

19 Uecker, J.C., Tepper, G.C. and Liompart, J.R., Polymer, 2010, 51: 5221

20 Vrieze, S.D., Camp, T.V., Nelvig, A., Hagstrom, B., Westbroek, P. and Clerck, K.D., J. Mater. Sci., 2009, 44: 1357
21 Li, D., Wang, Y.L. and Xia, Y.N., Adv. Mat., 2004, 16: 361

22 Chaurey, V., Chiang, P.C., Polanco, C., Su, Y.H., Chou, C.F. and Swami, N.S., Langmuir, 2010, 26: 19022

23 Sanchis, M.J., Martinez, E.S. and Calleja, R.D., Polym. Int., 1996, 41: 337

24 Busnaina, A.A., “Nanomanufacturing handbook”, CRC Press, England, 2007, p. 354

25 Zhang, J., Mei, F., Cai, Q., Xu, Q.Q., Deng, X.L. and Yang, X.P., Chinese J. Biomed. Eng., 2009, 28: 754

26 Ye, L., Wu, X., Geng, X., Duan, Y.H., Gu, Y.Q., Zhang, A.Y., Zhang, J. and Feng, Z.G., Chinese J. Polym. Sci.,
2010, 28(5): 829

O© 00 9 O L AW N —

— = e
AW = O




<<
  /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


