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Abstract. We experimentally study the dynamics of water in the Cassie-Baxter state to Wenzel state
transition on surfaces decorated with assemblies of micrometer-size square pillars arranged on a square
lattice. The transition on the micro-patterned superhydrophobic polymer surfaces is followed with a high-
speed camera. Detailed analysis of the movement of the liquid during this transition reveals the wetting
front velocity dependence on the geometry and material properties. We show that a decrease in gap
size as well as an increase in pillar height and intrinsic material hydrophobicity result in a lower front
velocity. Scaling arguments based on balancing surface forces and viscous dissipation allow us to derive
a relation with which we can rescale all experimentally measured front velocities, obtained for various
pattern geometries and materials, on one single curve.

PACS. 68.03.Cd Surface tension and related phenomena – 68.08.Bc Wetting – 68.08.De Liquid-solid
interface structure: measurements and simulations

1 Introduction

The interaction between water and a hydrophobic ma-
terial has attracted considerable interest in recent years.
In particular, much effort has been devoted to mimic
the superhydrophobic properties often encountered in
nature [1–4]. The water-repelling feature, also called the
Lotus effect, is attributed to the material’s intrinsic hy-
drophobicity together with its surface roughness [5,6].
Micro-pillars are often used to resemble the natural rough-
ness of a superhydrophobic lotus leaf. In general, a drop of
water on a hydrophobic solid surface can experience two
distinct states: suspended on a composite surface of mate-
rial and air pockets (Cassie-Baxter state [7]) or following
all the contours of the rough surface (Wenzel state [8]).
For these two states the macroscopic contact angle and
the contact angle hysteresis are different as compared to
the flat hydrophobic surface. Due to the small solid-liquid
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contact area in the Cassie-Baxter state, the hysteresis is
very small and a liquid drop can roll off easily. In the
Wenzel state the apparent contact angle is determined
by the roughness of the material and the hysteresis is
larger as the liquid follows the contours of the surface.
Theoretical analysis [9–11] has shown that the state with
a smaller contact angle corresponds to a lower-energy
level. The presence of energy barriers between the two
states may prevent a spontaneous transition and exter-
nal forces have to be applied in order to induce the tran-
sition from the higher-energy (metastable Cassie-Baxter)
state to the lower-energy (Wenzel) state [12–15]. Based on
experiments with micro-patterned surfaces, many design
criteria have been proposed to control these two wetted
states as well as the transition of one to the other [16–22].
Geometry and surface properties can be tuned to either
keep a liquid in the suspended state (to minimize hydrody-
namic friction) or wet the complete surface (to increase the
contact area between the liquid and the solid) [16,23–25].
In the present work, patterns of micrometer-size pillars
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Fig. 1. (a) Illustration of a side view of two pillars with pillar
width w, pillar height h, gap size between the pillars a and
wavelength d. (b) SEM picture of a micro-patterned polymer
(KratonTM D-1102CS) film with gap size 5 μm and pillar height
10 μm. (c) Illustration of the top view of four pillars: square
pillars in a square array.

arranged on a square lattice are considered (fig. 1). The
sketches of the side and top view of the pattern (figs. 1a
and c, respectively) illustrate its geometrical parameters:
pillar width w, pillar height h, gap size between the pillars
a and wavelength d = a+w. For the movement of a liquid
front between two micro-pillars, energy is gained by a re-
duction of the free liquid-gas interface suspended on top
of the pillars (σLG a dx), but energy is lost in wetting the
hydrophobic walls (σLG (2h+a)dx cos θ). Balancing these
energies defines a critical point, which can be expressed
in terms of geometrical parameters of the micro-pattern
and of the materials intrinsic contact angle with water θ
(see also eqs. (1) and (2) in [23]). This critical point can
be expressed in terms of a critical contact angle θc

cos θc = −1 +
2h

2h + a
, (1)

with h the pillar height and a the gap size between the
pillars. For cos θc < cos θ < 0, front propagation after
initial propagation is energetically favored, whereas for
cos θ < cos θc any front will stop. For comparison of the re-
sults in this paper, the critical point is rewritten in terms
of the critical gap size ac

ac =
2h

cos θ + 1
− 2h. (2)

When a > ac, front propagation is energetically fa-
vored, whereas for a < ac any front will stop. Only
recently, the dynamics of the wetting transition (from
Cassie-Baxter to Wenzel) has been revealed by observing
the liquid interface as it collapses and wets the area be-
tween the micro-pattern [14,23,26]. During the transition,
a zipping wetting mechanism was observed for small gap
sizes [23,26–29]. The front propagates in a step-wise man-
ner, filling row by row. For larger gap sizes, the propaga-
tion is faster with a more circular wetted area. With these
observations in mind, we define two regimes: the zipping
and the non-zipping regime. In the zipping regime, the ve-
locity in one direction (to advance to the next row) is much
smaller than the velocity in the other direction (liquid fill-
ing up one row). In the non-zipping regime, both velocities
are more comparable. In this paper we investigate the in-
fluence of several parameters on the liquid front velocity
during the Cassie-Baxter to Wenzel state wetting transi-
tion. The wetting front has been followed experimentally

Table 1. Gap sizes a of used molds (μm).

Field Mold 1 (Kraton) Mold 2 (PDMS)

1 2 16
2 5 18
3 8 20
4 11 22
5 14 24
6 17 26

on various micro-patterns with different a, h, and θ values.
To extrapolate these findings to other geometries or mate-
rials, a scaling argument for the front velocity is derived.

2 Experimental

2.1 Preparation of the molds

Molds were prepared in the cleanroom by standard pho-
tolithography and deep reactive ion etching on silicon
wafers. Each mold contains fields (20mm × 20mm) filled
with 5μm wide square holes (w) in a regular square ar-
ray with gap sizes between the holes (a) varying from 2
to 26μm. Two mold types are defined in table 1: mold
type 1 was used as is for replicating KratonTM films and
mold type 2 was hydrophobized enabling an easy release
of thin PDMS films. The depth of the mold (equal to the
height h of the pillars) was also varied. Four copies of
mold type 1 were etched to different depths: 4.4, 10, 14
and 15.6μm. The final depths of two copies of mold type
2 were 4.7 and 8μm. The result is a variety of combi-
nations of gap sizes and pillar heights. The geometrical
sizes were taken from scanning electron microscopy pic-
tures (5 kV, JSM 5600LV, JEOL) of the polymer films,
not from the molds. Prior to imaging, the films were bro-
ken in liquid nitrogen and sputtered with a 30 nm gold
layer (SCD 040, Balzers Union). All molds of type 2 were
coated with a hydrophobic FOTS coating (1H,1H,2H,2H-
perfluorooctyltrichlorosilane, Fluka Chemicals). The coat-
ing procedure was as follows: a silicon wafer was placed in
a large petridish with a drop of FOTS next to the wafer.
The covered petridish was placed in an oven for 2 hours at
120 ◦C to evaporate the FOTS and to deposit the FOTS
molecules onto the substrate. This was followed by an an-
nealing step at 100 ◦C for 1 hour. The wafers were washed
with isopropanol (analysis grade, Merck), MilliQ water
and again isopropanol and dried under a flow of nitrogen.

2.2 Preparation of the polymer films

All materials were used as received, i.e. without any
further purification. Two types of polymers were used
for casting micro-patterned films: KratonTM D-1102CS
(a linear styrene-butadiene-styrene block copolymer with
29.5 wt% styrene, Kraton Polymers) and PDMS (poly-
dimethylsiloxane, RTV 615 rubber component A and
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Fig. 2. Three images illustrating the spreading of the liquid
between the pillars in the zipping regime in time (bottom and
side views, not to scale). Left: the base of a drop hangs over
the edge of an array of pillars and touches the flat surface at
t = t1. Middle: the first row is filled at t = t2. Right: the liquid
is moving between the pillars from the third to the fourth row
at t = t3. The liquid slows down significantly when reaching
the edge of the drop base.

curing agent B, GE Bayer Silicones). The Kraton was
dissolved in toluene (analysis grade, Merck) to make a
30 wt% solution, which was stirred overnight. The solu-
tion was cast on an untreated mold (type 1) with a thick-
ness of 200–300 μm. The toluene was allowed to evaporate
overnight before releasing the micro-patterned film with
ethanol (analysis grade, Merck). Films were dried and
stored in a 30 ◦C vacuum oven until use. The static contact
angle for water on a flat Kraton film was 100◦. The micro-
patterned films exhibited contact angles around 147 ± 1◦
for liquid in the Cassie-Baxter state. These values were
measured with an optical contact angle measuring instru-
ment (OCA 20, Dataphysics) by suspending a 6μl drop on
the surface. To obtain a PDMS mixture, the rubber com-
ponent A was mixed with the curing agent B (10:1 w/w)
and degassed before use. The liquid was cast on a hy-
drophobized mold (type 2) with a thickness of 100–300μm
and cured in an oven for 3 hours at 60 ◦C. The static con-
tact angle for water on flat PDMS was 120◦ and on the
micro-patterned PDMS between 157◦ and 161◦ (Cassie-
Baxter state). Each micro-patterned field was cut out and
placed on a 170μm thick microscope slide before use.

2.3 Optical microscopy and high-speed imaging

The transition from the Cassie-Baxter state to the Wenzel
state is observed from the bottom through the microscope
slide and the translucent film by an inverted microscope
in combination with high-speed imaging. Figure 1b shows
a scanning electron microscopy (SEM) picture of a typ-
ical micro-patterned polymer film with square pillars in
a square array. The experimental procedure of measuring
the filling dynamics is discussed in earlier work [26]. By
placing the drop completely on an array of pillars, the ini-
tiation time as well as the initial location strongly vary.
To control the initiation point and time of the transition,
the water drop is placed at the edge of the patterned area
(fig. 2). Initial spreading now occurs at the flat surface,

Fig. 3. Front velocity vf versus gap size a for Kraton (θ �
100◦) and PDMS (θ � 120◦) at different pillar heights h (given
in μm, see legend). In order to estimate the critical gap size ac

from these experimental data, each data set is fitted to eq. (16)
and the fits (solid lines) are then extrapolated to vf = 0 m/s.
The obtained values of ac are shown in table 2 and compared
with the theoretical expectations.

which lowers the energy barrier for wetting the volume be-
tween the pillars. The figure shows three steps in time to
illustrate the movement of the liquid in the zipping regime.
For moderate values of the height, this procedure leads to
similar front velocities as those obtained after a sponta-
neous infiltration by placing the drop completely on the
pillars. To highlight the overlap between the two methods,
the front velocities from [23] were compared to the results
obtained for the same geometries in this paper. Quantita-
tive overlap was found. For a Kraton film with h = 10μm
and a = 11μm, the initial method generated a front ve-
locity of 0.7 ± 0.05m/s [23], whereas the above-described
method produces a front velocity of 0.8 ± 0.29m/s (both
methods averaged more than 9 recordings). This strategy
allows us to collect data, even for those micro-patterns
where the Wenzel state could not be observed with the
initial method as the time until transition was longer than
the evaporation time of the drop. The high-speed imag-
ing was done with 10× magnification at 10000 fps. The
measurements have been performed under standard lab
conditions at T = 20 ± 2 ◦C. Any variations in humidity
did not influence the measurements significantly.

3 Results and discussion

A static drop that transits from the Cassie-Baxter state to
the Wenzel state spontaneously is considered. The change
in wetting state involves a contact line displacement and
contact angle reduction. There is no rolling or sliding mo-
tion of the drop. During the wetting transition, the liquid-
gas interface moving between the pillar pattern is followed
and its velocity determined from high-speed movies. This
front velocity vf depends on the type of substrate (water
contact angle θ), pillar height h, and gap size a between
the pillars. All averaged experimental data points are dis-
played in fig. 3. At least 3 and up to 25 measurements
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Table 2. Critical gap sizes ac for different pillar heights h,
obtained from eq. (2) and from experimental fitting.

Material h (μm) ac (eq. (2)) (μm) ac (exp) (μm)

Kraton 4.4 1.9 3.4
10 4.2 5.1
14 5.9 6.2

15.6 6.6 6.2

PDMS 4.7 9.4 8.2
8 16.0 18.9

Fig. 4. Illustration of the top view of twelve pillars with wave-
length d (gap size a + pillar width w), timescales τ1 and τ2

and velocities vA and vB . The dotted lines mark the unit cell
with subcells A and B.

were performed to generate each point (457 experiments
in total). The data show that all three control parame-
ters (a, h, and θ) influence the front velocity significantly.
The velocity increases with increasing gap size a. For the
same material and gap size the velocity decreases with in-
creasing pillar height h. For a given geometry the velocity
is reduced as the material displays a larger contact an-
gle θ. As mentioned in the introduction, a critical point
for front propagation can be defined by balancing the en-
ergy equations. The values for the critical gap size ac for
the different patterns described in this paper were calcu-
lated using eq. (2) (table 2). These values, below which no
front propagation takes place, can also be obtained exper-
imentally from the data (gap size at zero front velocity)
in fig. 3. In the next sections, we describe the scaling of
front velocities with geometrical (a and h) and material
(θ) parameters.

3.1 Unitary cell approach

Based on the knowledge that there are two limiting cases
with different characteristics (zipping and non-zipping),
the presence of multiple scaling arguments is expected,
each valid for its own regime. The unit cell is character-
ized by the sum of the volume between two pillars (area
A, fig. 4, multiplied by pillar height h) and the volume be-
yond the pillars (area B times h). The difference in surface
energies, derived purely from calculating interfacial areas
before and after wetting this volume, can be written as

ΔEs = σLG(d2 − w2) + (σSG − σLS)(d2 − w2 + 4wh)

= σ(d2 − w2)
(

1 + cos θ

(
d2 − w2 + 4wh

d2 − w2

))
, (3)

with σ the surface tension of the liquid-air interface. This
energy gain has to be balanced with the viscous dissipation

in the unit cell that we estimate with the volume integral
of the velocity shear rate, estimated as v/l

ΔEd �
∫

dV η
v

l
= h(d2 − w2)η

v

l
, (4)

with h(d2 − w2) the volume of the unit cell, η the dy-
namical viscosity of the liquid, v a characteristic velocity
and l a characteristic length scale. The definition of l is
crucial to understand the way the front velocity scales as
a function of geometry and material properties [30]. As
reported in our previous publications [23,26] and stated
in appendix A, the 3D filling dynamics is very complex,
including strong spatial anisotropies. If the gap size a is
larger than the pillar height h, the shear rate is expected to
be dominated by the vertical direction (l � h). In the other
limit (a � h) the shear rate is gap-dominated (l � a).
Due to the presence of the critical point, it is difficult to
do experiments with gap sizes much smaller than the pil-
lar height. The gap is usually larger than, or on the order
of, the pillar height and therefore l � h is introduced in
eq. (4). Balancing eqs. (3) and (4) with l � h leads to the
front velocity as a function of geometry and wetting prop-
erties, which can be written as the dimensionless capillary
number Ca

Ca =
ηv

σ
� 1 + cos θ

(
d2 − w2 + 4wh

d2 − w2

)
. (5)

This averaged capillary number is a measure of the aver-
aged viscous forces per unit length (ηv) against the cap-
illary forces per unit length (σ). This scaling argument
is not generally valid though, and no data collapse is ob-
tained using this expression. A simple estimate of the vis-
cous integral as in eq. (4) does not take local variations
in the velocity into account. The next section will address
this point.

3.2 Two subcell approach

In the zipping regime (a � ac), the overall front velocity
vf can actually include two time scales τ1, τ2 with τ1 being
much smaller than τ2 [26]. τ1 equals the time needed to
propagate between two pillars (fill volume A, fig. 4) and τ2

equals the time needed to fill up the next row (volume B,
fig. 4). Previously [23], only τ1 was derived by matching
surface energy with viscous dissipation between the pillars
of subcell A

τ1 =
t0

1 − cos θ
cos θc

=
ηh

σ
(
1 + cos θ

(
2h+a

a

)) . (6)

To obtain an overall front velocity, the residence time in
both subcells has to be defined. For that a characteristic
velocity is considered separately for each subcell (A and
B). The in-plane velocity of the liquid in subcell A is de-
fined as vA and the liquid advances in the direction of the
main front. The liquid in subcell B propagates in the di-
rection perpendicular (in-plane) to the liquid in subcell A
with a characteristic velocity vB (fig. 4). Reformulating
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the surface energy gain (derived again from purely inter-
facial area contributions, see figs. 4 and 1) and balancing
that with the relative energy dissipation separately, one
obtains for subcell A:

awhη
vA

h
= σaw

(
1 + cos θ

(
2h + a

a

))
(7)

and for subcell B

adhη
vB

h
= σad

(
1 + cos θ

(
2wh + da

da

))
. (8)

Hence there is a capillary number for each subcell

CaA =
ηvA

σ
= 1 + cos θ

(
2h + a

a

)
, (9)

CaB =
ηvB

σ
= 1 + cos θ

(
2wh + da

da

)
. (10)

It can be shown that CaA ≤ CaB is generally valid for a
hydrophobic substrate (cos θ < 0), since

2h + a

a
≥ 2wh + da

da
(11)

as d ≥ w, because d = a + w. The conclusion is that fill-
ing up subcell B is never slower than filling up subcell
A. In the zipping regime this difference in filling velocity
between the two subcells is clearly observed. Volume B is
filled much faster than volume A. Near the critical point
the front between the pillars (in volume A) almost stops.
In this limiting case cos θ → cos θc and the capillary num-
bers become

CaA = 1 −
(

a

2h + a

) (
2h + a

a

)
= 0, (12)

CaB = 1 −
(

a

2h + a

) (
2wh + da

da

)
> 0. (13)

By treating the two subcells separately, scaling arguments
can be identified. The front velocity is evaluated in a uni-
directional way: the filling is followed along a line be-
tween two rows of micro-pillars in the main front direc-
tion (fig. 4). The front velocity is thus defined in terms of
distance that the front travels to fill up volume A and B,
divided by the time it needs for that,

vf =
d

τ1 + τ2
� d

τA + τB
, (14)

with τA the time scale corresponding to velocity vA (τ1 =
τA) and τB to velocity vB (τ2 � τB). From here on we
distinguish between two limiting regimes. In the zipping
regime (a � ac) time scale τA is much larger than time
scale τB due to its divergence as stated before. The overall
front velocity is therefore dominated by time scale τA (see
appendix A). This time scale can be described as τA =
w/vA and can be combined with eq. (7) for subcell A.

Fig. 5. Same data as fig. 3, but now plotted as capillary num-
ber Ca versus the scaling factor suggested by eq. (16) for the
various materials and pillar heights h (given in μm). The data
should give a universal curve in the zipping regime according
to eq. (16).

The resulting equation for the front velocity in the zipping
regime is

vz � d

τA + τB
� d

τA
=

σ

η

d

w

(
1 + cos θ

(
2h + a

a

))
,

(15)
or rewritten in dimensionless terms as

Caz � d

w

(
1 + cos θ

(
2h + a

a

))
. (16)

In the non-zipping regime a is much larger than ac and the
large-scale wetting pattern is more circular. This imposes
that the velocities, vA and vB , are almost comparable,
which gives

w

τa
� a

τB
. (17)

Using the same approach as for the zipping regime, the
overall non-zipping velocity becomes

vnz � d

τA + τB
� d

τA + a
w τA

=
σ

η

(
1 + cos θ

(
2h + a

a

))

(18)
and in dimensionless form

Canz � 1 + cos θ

(
2h + a

a

)
. (19)

Equations (16) and (19) express the core of our results,
predicting a scaling behavior for the capillary number as a
function of the geometry (a and h) and wetting properties
(θ). For both scaling relations it holds that an increase in
a (for fixed h and θ with θ > 90◦) produces an increase in
capillary number Ca (increased velocity). An increase in h
(for fixed a and θ with θ > 90◦) results in a decrease in Ca.
These observations match the trends in the experimental
data (fig. 3).

To assess the quantitative accuracy of eqs. (16) and
(19), the scaling arguments are applied to the experimen-
tal data. In fig. 5 the rescaling for the zipping regime
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Fig. 6. Same as fig. 5, but now plotted as suggested by eq. (19),
which clearly does not display universal behavior.

Fig. 7. (a) Original image of one frame (exposure time 5 μs)
during the wetting transition on a micro-patterned Kraton sur-
face with d = 22 μm and h = 10 μm. The wetting front seems
to be circular. (b) The same image with enhanced contrast.
Now a step-like contour becomes visible at the liquid front.

(eq. (16)) is displayed. An excellent degree of collapse is
observed for small gap sizes, where the zipping mechanism
is expected to dominate. Even for larger gap sizes, where
the filling is expected to be less influenced by the zipping
mechanism, the proposed scaling argument still provides
a good data collapse. Equation (16) reveals that the rele-
vant geometrical parameters influencing the front velocity
are the non-dimensional ratios d/w and h/a. Rescaling
according to the non-zipping equation (eq. (19)) does not
result in a collapse of the data (fig. 6). Indeed, at these
gap sizes the wetted area still displays a step-like contour
(fig. 7), which indicates that the zipping motion is still
present. A pure non-zipping regime is expected for pat-
terns with even larger gap sizes, involving front velocities
beyond our experimental recording capabilities (probably
in the order of 10m/s).

4 Conclusions

A static drop transits spontaneously from the Cassie-
Baxter state to the Wenzel state. The dynamics of this
transition was measured and scaling arguments were de-
veloped. To explore the dynamics of this transition, sev-
eral superhydrophobic micro-patterned polymeric surfaces
were used. The geometry (pillar height and gap size) and
material surface properties (water contact angle) of these

Fig. 8. (a, b) Two stills with blow-ups from a micro-particle
imaging movie (two consecutive frames). (c) The difference be-
tween frames (a) and (b).

surfaces with square micro-pillars in a square array were
varied extensively. The velocity of the wetting front in-
creases with increasing gap size, decreasing pillar height or
decreasing contact angle. The theoretically derived critical
gap size, below which no transition occurs, is also observed
in the experiments.

Balancing interfacial energy contributions with viscous
dissipation yielded universal equations for the zipping and
the transition dynamics. When using the height of the
pillar as a characteristic length scale for the shear rate,
good scaling is obtained with the argument for the zip-
ping regime. Scaling arguments were also derived to deter-
mine whether the assumption of a horizontal characteristic
length scale for the shear rate (l � w) could be correct.
This did not lead to any scaling for the set of experimen-
tal data, neither for the zipping nor for the non-zipping
regime. The relevant parameters driving the front veloc-
ity are therefore the non-dimensional ratios d/w and h/a.
These scaling arguments provide design criteria to tune
the liquid velocity precisely on a micro-scale level. Future
work will be devoted to exploring its practical use in the
field of microfluidics, in particular by experimenting with
other geometries and arrays of decreasing gap sizes.

This research is carried out within the framework of the
Micro- and nanofluidics spearhead programme of the Univer-
sity of Twente. The University of Twente, MicroNed and the
NanoNed programme of STW are greatly acknowledged for
their financial support. We also thank Stefan Schlautmann for
the preparation of the silicon molds.

Appendix A.

Seeding the liquid with fluorescent 0.3μm polystyrene
particles (R300 red fluorescing microspheres, Duke Sci-
entific Corporation) as passive tracers shows that the liq-
uid moves downwards in subcell B in the zipping regime
(see fig. 8). It reveals the non-trivial filling dynamics in
this regime involving two different time scales, in agree-
ment with our previous experimental and numerical ob-
servations [23,26]. Figures 8a and b show two consecutive
frames (n and n+1) of a movie with particles moving with
the liquid that is wetting the micro-patterned film. The
focal plane is located halfway along the height of the pil-
lar and is approximately 1μm thick. In the time between
frame n and n+1 (2ms), the liquid front advances towards
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the next row of pillars. In this same experiment it takes
36ms before the front advances into the next row. Fig-
ure 8c displays the difference between the two frames by
subtracting n from n+1. The first row is black, indicating
that the particles located there did not move. Instead, ad-
ditional particles are entering from the out-of-focus liquid
reservoir above the micro-pattern. These findings indicate
the filling of the volume from above, as opposed to filling
from the side. Therefore, the accompanied shear rate is
dominated by the vertical distance h.
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EPL 79, 56005 (2007).



<<
  /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
  /CreateJDFFile false
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 150
  /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 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /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 600
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /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 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


