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Abstract A super-oleophobic surface has been achieved

by satisfying two conditions: a properly designed surface

morphology and a low surface energy. A meta-stable

Cassie–Baxter model has been used to account for the

super-oleophobic effect with a truly random rough surface

such as hydro-entangled non-woven fabric. In this model, a

high contact angle is obtained by a minimum of surface

energy due to air pockets inside the rough structure.

Apparent dodecane contact angles of greater than 150�
were measured on a hydro-entangled, non-woven nylon

fabric whose fibers had been modified using a pulsed

plasma discharge containing 1H,1H,2H,2H-perfluorode-

cylacrylate (PFAC8). Good agreement between the pre-

dicted and measured contact angles was obtained using the

meta-stable Cassie–Baxter model.

Introduction

The phenomenon of super-repellency has been studied by

the scientific community for a number of years [1–7]. One

area of particular interest is the creation of artificial sur-

faces that mimic super-hydrophobic lotus leaves [8–12].

The ready shedding of water and dirt from such surfaces is

commonly called the Lotus effect, although it is also

observed on many other natural surfaces such as Lady’s

Mantle leaves, butterfly wings, duck feathers, and broccoli.

It would be beneficial if similar materials with super-

oleophobic properties existed, since the applications of

such materials would be wide ranging [13].

A surface is called a super-hydrophobic surface if the

water contact angle exceeds 150�. Similarly, we define a

super-oleophobic surface as having an oil contact angle

over 150�. In this context, ‘‘oil’’ refers to the non-polar

alkane, dodecane. Although many researchers believe that

the definition of a super-hydrophobic surface also requires

a roll-off angle less than 5�, it is well known that the roll-

off angles are strongly affected by the weight of a water

droplet [14]. Hence, this study focuses on creating a super-

oleophobic surface which has an oil contact angle greater

than 150�, rather than dealing with a roll-off angle lower

than 5�.

Since the wettability of a solid surface is determined by

two parameters, surface energy and geometrical roughness,

the combination of these two parameters can be used for

the development of super-hydrophobic and super-oleo-

phobic surfaces [15]. Two predominant wetting models are

often used to describe wetting behavior of rough surfaces:

the Wenzel model and the Cassie–Baxter model. In the

Wenzel model, a liquid fills the grooves of a rough surface

and completely wets the surface, whilst in the Cassie–

Baxter model, a liquid sits on top of a composite surface

consisting of a solid and air. In this approach the apparent

contact angle on a Cassie–Baxter surface, hr
CB, can be

described as:

cos hCB
r ¼ f1 cos he � f2 ð1Þ

where he is the Young’s contact angle on the corresponding

flat surface, f1 is the surface area of the liquid in contact

with solid divided by the projected area, and f2 is the

surface area of the liquid in contact with air divided by the

projected area [2]. If f2 = 0 in Eq. 1, the liquid is in full
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contact with the rough surface and completely wets it. This

surface is therefore a Wenzel surface, and the apparent

contact angle in Eq. 1, hr
CB, becomes an apparent contact

angle, hr
W

cos hW
r ¼ r cos he ð2Þ

where r is the ratio of the area in contact with a liquid

divided by the projected area, which is equal to f1 in Eq. 1

[1]. According to Eq. 1, the smooth surface can be made

more hydrophobic or oleophobic by surface roughening,

regardless of he. However, according to Eq. 2, he has to be

greater than 90� in order for a smooth surface to be more

hydrophobic or oleophobic after roughening. This state-

ment reinforces the concept of the meta-stable Cassie–

Baxter model, i.e., a surface having he \ 90� with a liquid,

when roughened, will immediately wet (Wenzel behavior)

or the liquid will initially sit on top of the surface due to air

pockets inside the grooves which result in a local minimum

in the surface energy (meta-stable Cassie–Baxter behav-

ior). In addition, since the surface tension of an oil such as

dodecane (c = 25.4 mJ m-2) is lower than that of water

(c = 72.8 mJ m-2), the hr
CB of water is higher than hr

CB of

oil. Hence, according to Eq. 2, all super-oleophobic sur-

faces should be super-hydrophobic, but not all super-

hydrophobic surfaces exhibit super-oleophobicity.

In this study, we produced a super-oleophobic surface

by chemically grafting a fluoropolymer onto a non-woven,

hydro-entangled nylon fabric using pulsed plasma poly-

merization of the monomer 1H,1H,2H,2H-perfluorodecyl-

acrylate (PFAC8). Hydro-entangling is a process for

producing a non-woven fabric by curling and entangling

fiber webs using high pressure water jets [16]. Hydro-

entangling technology employs neither chemical nor ther-

mal bonding, which changes the chemical and mechanical

properties of fibers after fabrication. PFAC8 is deposited in

our plasma apparatus to obtain uniformly treated fabric.

Indeed, previous studies have shown that grafting a PFAC8

fluoro-polymer onto surfaces using pulsed plasma poly-

merization is capable of conferring an exceptionally low

surface energy to a range of materials [17]. The resulting

material has then been modeled using a meta-stable

Cassie–Baxter equation which accurately predicts the

super-oleophobicity of the composite surface.

Experimental

Grafting of PFAC8 on nylon 6.6 film and hydro-

entangled nylon non-woven fabric

A low surface energy chemical, PFAC8 (C8F17CH2CH2O

COCH=CH2, Fluorochem, Derbyshire, UK) was deposited

onto nylon 6,6 film (Mn: 12 kDa) and a non-woven nylon

substrate (100 g/m2) using pulsed plasma polymerization.

The inductively coupled, cylindrical plasma reactor (10 cm

diameter and 2,700 cm3 volume) was housed in a heated

Perspex chamber and connected to a two-stage Edwards

rotary pump via a liquid nitrogen cold trap. Internal pres-

sure was measured using a thermocouple pressure gauge.

Prior to each experiment, the reactor was cleaned with

an air plasma run at 50 Watts for 30 min. The system

was pumped back down to base pressure before being

raised to atmosphere to allow insertion of the material

(12 cm 9 8 cm). The sample was placed on a glass shelf

situated within the length of the external radio frequency

(RF) coil (10 turns, center-tapped, outside diameter

12 cm). An L–C matching unit was used to minimize the

standing wave ratio of the transmitted power between the

13.56 MHz RF generator and the electrical discharge. An

RF probe and oscilloscope were used to monitor the pulse

width produced by a pulse generator. 2 mL PFAC8 was

placed in a monomer tube attached to the air inlet side of

the reactor and purified by freeze–thaw cycling prior to

use. All connections were grease free. Whilst the reactor

was pumping down, the heaters were turned on and the

whole reactor heated to 30 �C. Once base pressure had

been reached, the monomer was bled into the reactor

through a Young’s tap, and set at a pressure of approxi-

mately 1 9 10-1 mbar. After 2 min, the plasma was

ignited at a peak power of 40 Watts with the pulse gen-

erator set at 40 ls on and 20 ms off. A pulsed plasma

polymer deposition was carried out for 5 min using a stable

pulse envelope as indicated by the oscilloscope. After the

plasma treatment, the RF generator was switched off and

monomer vapor allowed to purge the reactor for a further

2 min before isolating the system from the monomer vapor

and pumping it down to base pressure. When base pressure

had been reached, air was carefully introduced and the

sample removed once the reactor was at atmospheric

pressure. A schematic of the pulsed plasma polymerization

apparatus is shown in Fig. 1.

Fig. 1 Schematic representation of the pulsed plasma polymerization

apparatus
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Scanning electron microscopy

The rough surface of nylon non-woven fabrics were

examined with a scanning electron microscope (SEM,

Hitachi S-3200N) operated at 5 and 10 kV and magnifi-

cations from 259 to 150,0009. RevolutionTM v1.60b24

(4pi Analysis Inc.) and Image J 1.34s (National Institute of

Health) were used for image analysis of SEM images,

including fiber diameters and distances between adjacent

fibers.

Contact angle measurements

The contact angles of water and dodecane (C12H26,

Aldrich, St. Louis, MO, USA) on the prepared surfaces

were measured from sessile drops using a lab-designed

goniometer at 20 �C. The range of contact angles were

obtained after depositing liquids of 5, 10, 20, 50, and

100 lL each on a new spot. The roll-off angle was mea-

sured by placing a specimen on a level platform mounted

on a rotation stage, Newport 495, and inclining the speci-

men. The images of liquid droplets on the prepared surface

were obtained using a digital camera (Canon EOS EF-S-

18-55IS) having an optical microscopic focusing lens

(Meiji Techno EMZ-13TR). A CAHN DCA 322 dynamic

contact angle analyzer was also used to measure contact

angles and estimate the surface energy of plasma poly-

merized PFAC8 on flat glass substrates; distilled water and

dodecane were used as the polar and non-polar liquid pair,

respectively, to obtain geometric mean surface energy data.

Results and discussion

Chemical modification of nylon surface

Pulsed plasma polymerization of PFAC8 and subsequent

characterization of the resulting polymer has been descri-

bed previously [17]. The surface energy of the polymer is

very low due to the long, perfluoroalkyl chains which

orientate themselves normal to the solid surface and pres-

ent a closely packed sheath of trifluoromethyl groups [18].

Figure 2 shows water and dodecane droplets on the nylon

film. Young’s contact angles of dodecane (he-dodecane)

measured on the PFAC8-treated nylon film were between

78� and 81� while he-water were between 123� and 125�.

The surface energy of the PFAC8 polymer on flat glass

substrates was measured using the two liquid geometric

mean method [19]. For water/dodecane, surface energies

between 9.02 and 9.7 mJ m-2 were recorded. This com-

pares favorably with the surface energies of the PFAC8

polymer measured on the nylon film (8.49–9.02 mJ m-2).

Modeling of the super-oleophobic non-woven surface

To create a stable Cassie–Baxter surface, the Young’s

contact angle, he, of a liquid residing on the corresponding

flat surface must be greater than 90�. Despite its very low

surface energy (*9 mJ m-2), the PFAC8 plasma polymer

cannot produce a dodecane contact angle much greater than

80�. Consequently, this surface treatment can never pro-

duce a stable Cassie–Baxter surface. Using three simulta-

neous equations, the surface energy of a solid may be

derived from Eq. 1 from our previous research [20]:

cL 1þ cos heð Þ ¼ cd
L 1þ cos heð Þ þ cp

L 1þ cos heð Þ
þ cH

L 1þ cos heð Þ

¼ 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

cd
S � cd

L

q

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

cp
S � c

p
L

q

þ
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi

cH
S � cH

L

q

� �

where c is the surface energy; S, SL, and L are the solid–vapor,

the solid–liquid, and the liquid–vapor interfaces, respectively;

and the superscripts d, p, and H correspond to the London

dispersion force, permanent dipole, and hydrogen bonding

components of surface energy, respectively. Since the surface

energies of non-polar liquids and solids such as dodecane and

the PFAC8 plasma polymer are largely determined by London

dispersion forces, this equation can be simplified to:

cL 1þ cos heð Þ ¼ 2

ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

cd
S � cd

L

q

¼ 2
ffiffiffiffiffiffiffiffiffiffiffiffiffiffi

cS � cL

p ð3Þ

Substituting cL = 25.4 mJ m-2 for dodecane into Eq. 3

suggests that cS must be smaller than 6.35 mJ m-2 to have he

greater than 90�. Despite having a Young’s dodecane contact

angle of less than 90�, the PFAC8 plasma-modified non-

woven fabric is both super-hydrophobic and super-oleo-

phobic, displaying apparent dodecane and water contact

angles of 153�–158� and 168�–171�, respectively (Fig. 3).

In order to understand the super-oleophobicity displayed

by the modified non-woven fabric, a meta-stable Cassie–

Baxter model was used to help interpret the observations

and predict the apparent dodecane and water contact angles

using the physical parameters of the system.

A meta-stable Cassie–Baxter surface represents a locally

stable Cassie–Baxter surface where a liquid initially sits on

top of the surface and air pockets inside the rough struc-

ture, which results in a low surface energy for the com-

posite surface. However, the liquid can be drawn into

contact with the rough surface over time, depending upon

the stability of the local energy equilibrium affected by the

surface tension and volume of the liquid and the surface

energy and morphology of the solid [21].

Figure 4 represents a cross-sectional view of a dodecane

droplet sitting on the top layer of the hydro-entangled non-

woven fabric. In Fig. 4, R is defined as the radius of a fiber,

and 2d is the distance between two adjacent fibers. In the
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meta-stable Cassie–Baxter model, we consider two possible

scenarios when 2d is varied: (i) 2d can be too large, and (ii)

2d can be too small. In Case (i), the robustness of the rough

surface decreases and the droplet sags between two fibers,

completely wetting the rough surface. However, as shown in

Fig. 5, numerous fibers underneath the top layer support the

droplet and prevent the surface from absorbing the liquid

immediately. In Case (ii), although the roughness of fabric

increases, it is difficult to obtain a morphology satisfying the

meta-stable Cassie–Baxter model. This is because, when the

fiber spacing is too small, there is insufficient trapped air that

results in low apparent contact angles according to Eq. 1.

Firstly, we examine 2d for a fabric with a Wenzel rough-

ness, r. According to Eq. 2, for a material with a smooth

surface having 123� B he-water B 125� with the liquid, r must

be C1.59 to make the surface super-hydrophobic. In Fig. 5,

since the total area of the surface is 2(pR ? R ? d) while the

projected area is 2(R ? d), r C 1.59 if 2d B 8.65R. As shown

in Fig. 5, although the distances between two fibers of a

nonwoven fabric are mostly greater than 200 lm while R is

approximately 10 lm, r � 1.59. However, according to

Eq. 2, a surface having he B 90� with the liquid cannot have

hr C 90�, i.e., when a liquid-philic surface is roughened,

hr B he and the surface can eventually absorb the liquid into

the rough structure. Therefore, an advanced model which

deals with not only the roughness but also the morphology

of a rough surface is needed to interpret super-oleophobicity.

Using the combination of the Wenzel and the Cassie–

Baxter models, a meta-stable Cassie–Baxter surface having

hr-dodecane C 150� with a liquid can be rationalized.

By Marmur, Eq. 2 has been rewritten as follows [4]:

cos hCB
r ¼ rf f cos he þ f � 1 ð4Þ

where f is the fraction of the projected area of the solid

surface in contact with the liquid and rf is the Wenzel

roughness in contact with the liquid. Before modeling a

super-oleophobic surface with a hydroentangled nonwoven

structure, we must prove that a non-woven structure has the

potential to be a meta-stable Cassie–Baxter surface.

In Fig. 4, f is given by R sin a/(R ? d) while rf is a/sin

a. According to Marmur, a is equal to p - he. When d(rff)/

df = (cos r)-1 and d2(rff)/df2 [ 0, local minimization of

free energy can make the surface super-oleophobic.

d frfð Þ
df
¼

d Ra
dþa

� �

d R sin a
dþa

� � ¼ cos að Þ�1
and

d2 frfð Þ
df

¼
d 1

cos a

� �

d R sin a
dþR

� �[ 0

Therefore, substituting for f and rf into Eq. 4 results in

[22]:

Fig. 2 Water (left) and

dodecane (right) droplets on a

PFAC8-grafted nylon film

Fig. 3 Water (left) and

dodecane (right) droplets on

PFAC8-grafted nylon non-

woven fabric

Fig. 4 A dodecane droplet sitting on the top layer of hydro-entangled

non-woven fabric
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cos hCB
r ¼

R p � heð Þ
d þ R

cos he þ
R

d þ R
sin he � 1 ð5Þ

In order to determine the average distance between the

fibers within the top layer of the web, we measured f2 based

on its definition in the Cassie–Baxter model. The ratio of

pores on the top layer to the projected area of the

nonwoven fabric, which is regarded as f2 in Eq. 1, was

measured using Image J. This was accomplished by

choosing a region in the SEM image, measuring the area

of the top layer of the fabric where there were no fibers,

and dividing this area by the total image area. According to

the results of this analysis, the top layer of hydroentangled

nonwoven fabric in Fig. 5 has a pore ratio of approxi-

mately 93%, i.e., f2 & 0.93. Since f2 is equal to

R sin he/(d ? R) – 1 in Eq. 5, R & 10 lm, and 78� B

he-dodecane B 81�, we calculate that 130 lm B d B

131 lm. Then, substituting R, d, and he to Eq. 5 results

in 155� B hr-dodecane B 156� and hr-water & 180�.

The measured apparent contact angles of dodecane

(hr-dodecane) on a rough surface of the PFAC8-grafted nylon

non-woven fabric are 153�–158� while hr-water on the same

surface are 168�–171�. Good agreement between the pre-

dicted and measured contact angles is thus obtained. Both

droplets sit on top of the rough surface initially, but whilst

the water evaporates after 25 min, the dodecane remains for

[3 h and is slowly absorbed into the nonwoven structure

with a concomitant reduction in apparent contact angle.

It should also be noted that whilst droplets of water roll

readily off the fabric when tilted, dodecane droplets display

large advancing and receding contact angle hysteresis as

they roll-off the fabric. The roll-off angles of water and

dodecane were measured by placing the treated non-woven

fabric on a level platform mounted on a rotation stage and

inclining the fabric. The advancing and receding contact

angles were measured and the roll-off angles were recorded

when the drop began to move. Figures 6 and 7 show that

the advancing contact angles of both water and dodecane

approach 180� when the droplets begin to roll-off the

surface. However, the receding contact angles are largely

influenced by the surface tension of the liquid, e.g., the

receding contact angle of water on the treated non-woven

fabric is 145� whilst that of dodecane is 20� on the same

surface. Meanwhile, the roll-off angles depend on the

weight of a droplet, the surface tension of a liquid, and the

receding contact angle, i.e., mgsina & cLD(coshReceding -

coshAdvancing) where m is the mass of the droplet, g is the

gravitational acceleration, a is the roll-off angle, cL is the

liquid surface tension, and D is the diameter of the wetting

area [23]. Although the roll-off angle of a 50 lL droplet of

water and dodecane on the treated non-woven surface is

Fig. 5 SEM images of hydro-

entangled non-woven fabric

(509, 1009, and 2509)
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21� and 36�, respectively, as shown in Figs. 6 and 7, 5 lL

droplets of water and dodecane, respectively, do not roll-

off the same surface even if the fabric is inclined to 90�.

Conclusion

A super-oleophobic and super-hydrophobic material can be

created by constructing a low surface energy, meta-stable

Cassie–Baxter structure. A super-oleophobic and super-

hydrophobic composite surface has been produced by

pulsed plasma polymerization of PFAC8 onto a hydro-

entangled, nylon non-woven fabric. Droplets of dodecane

sit on the modified fabric with a contact angle exceeding

150�, thus satisfying the condition of super-oleophobicity.

A meta-stable Cassie–Baxter model has been used to

obtain theoretical, apparent contact angles for both dode-

cane and water on this structure; these contact angles are in

good agreement with those obtained by direct measure-

ment. In accordance with a meta-stable Cassie–Baxter

surface, the dodecane droplets can penetrate the composite

structure over time with a gradual drop in apparent contact

angle.

Acknowledgements This material was partially sponsored by US

Army Natick Soldier Research Development and Engineering Center

(NSRDEC) and Air Force Research Laboratory (AFRL) under

agreement number FA8650-07-1-5903. The U.S. Government is

authorized to reproduce and distribute reprints for Governmental

purposes notwithstanding any copyright notation thereon. We also

appreciate support from the Defense Threat Reduction Agency-Joint

Science and Technology Office for Chemical and Biological Defense

(grant number HDTRA1-08-1-0049). We thank Nonwoven Institute

(NI) for sharing hydro-entangled non-woven fabric with us.

References

1. Wenzel R (1936) Ind Eng Chem 28:988

2. Cassie A, Baxter S (1944) Trans Faraday Soc 40:546

3. Fowkes F (1963) J Phys Chem 67:2538

4. Marmur A (2003) Langmuir 19:8343

5. McHale G, Shirtcliffe N, Newton M (2004) Langmuir 20:10146

6. Lee H, Owens J (2011) J Mater Sci 46:69

7. Ohkubo Y, Tsuji I, Onishi S, Ogawa K (2010) J Mater Sci

45:4963. doi:10.1007/s10853-010-4362-2

8. Zimmermann J, Reifler F, Fortunato G, Gerhardt L, Seeger S

(2008) Adv Funct Mater 18:3662

9. Rios P, Dodiuk H, Kenig S, McCarthy S, Dotan A (2008) Polym

Adv Technol 19:1684

10. Levkin P, Svec F, Frechet J (2009) Adv Funct Mater 19:1993

11. Tuteja A, Choi W, Mabry J, McKinley G, Cohen R (2008) Proc

Natl Acad Sci 105:18200

12. Joly L, Biben T (2009) Soft Matter 5:2549

13. Lee H, Willis C (2009) Chem Ind 21

14. Raura P, Fort J (2002) Langmuir 18:566

15. Lee H, Michielsen S (2007) J Polym Sci B 45:253

16. Butler I (1999) Nonwoven fabrics handbook. Association of the

Nonwoven Fabrics, Cary, NC, USA

17. Badyal J, Brewer S, Coulson S, Willis C (2000) Chem Mater

12:2031

Fig. 6 Water rolling off

PFAC8-grafted nylon non-

woven fabric

Fig. 7 Dodecane rolling off

PFAC8-grafted nylon non-

woven fabric

3912 J Mater Sci (2011) 46:3907–3913

123

http://dx.doi.org/10.1007/s10853-010-4362-2


18. Kissa E (1984) Handbook of fiber science and technology. Marcel

Dekker Inc, New York, NY, USA

19. Mittal K (1993) In contact angle wettability and adhesion. VSP

BV, Zist, The Netherlands

20. Lee H (2009) J Mater Sci 44:4645. doi:10.1007/s10853-009-

3711-5

21. Lee H, Owens J (2010) J Mater Sci 45:3247. doi:10.1007/s10853-

010-4332-8

22. Michielsen S, Lee H (2007) Langmuir 23:6004

23. Lee H, Michielsen S (2006) J Textile Inst 97:455

J Mater Sci (2011) 46:3907–3913 3913

123

http://dx.doi.org/10.1007/s10853-009-3711-5
http://dx.doi.org/10.1007/s10853-009-3711-5
http://dx.doi.org/10.1007/s10853-010-4332-8
http://dx.doi.org/10.1007/s10853-010-4332-8

	Modeling and preparation of a super-oleophobic non-woven fabric
	Abstract
	Introduction
	Experimental
	Grafting of PFAC8 on nylon 6.6 film and hydro-entangled nylon non-woven fabric
	Scanning electron microscopy
	Contact angle measurements

	Results and discussion
	Chemical modification of nylon surface
	Modeling of the super-oleophobic non-woven surface

	Conclusion
	Acknowledgements
	References



<<
  /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 true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /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 /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


