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Abstract

We fabricated a membrane from aqueous suspensions of imogolite and humic acid (HA) in order to apply
the concept of contact angle to soil materials. This method enabled not only a direct observation of contact
angles by the sessile drop method but also an analysis of surface roughness with an atomic force
microscope (AFM). The membrane without the addition of the HA was found to achieve complete wetting.
In contrast, the contact angle dramatically increased with an instant addition of the HA followed by a
gradual increase with an increase of the HA concentration demonstrating a behavior of reaching a plateau.
Results of the AFM analysis showed that the presence of the HA reduced the membrane surface roughness.
From these two results, Wenzel’s model rather than Cassie - Baxter’s model can be utilized to describe
tendency of dewetting of the surface of the fabricated membrane. In conclusion, dewetting of the fabricated
membrane is mainly attributed to a hydrophobic characteristics of the HA rather than the membrane surface
roughness.
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Wenzel’s model

Introduction

Thermodynamic condition and movement of water
at a solid surface of soils are major concerns in soil
physics. In standard textbooks of soil physics (e.g.
Yamazaki, 1977), a state of water retention of soil
has been explained by using terminologies of
interfacial science such as contact angle and surface
tension. Contact angle is a useful index to describe
water repellency and wettability of materials with a
simple geometry. However, a direct determination of
contact angle in soil along the lines of its principle is
practically impossible because of a complicated
shape and an inhomogeneous distribution of various
materials in soil matrix surfaces. So far, several
indirect evaluation methods of contact angles have
been tested (DeBano, 2000). The water drop
penetration time test has been commonly employed:
to link water repellency of soil with its soil structure

(Bisdom et al., 1993); to classify wettability of soils
with different hydrophobicity (Doerr, 1998); to
assess effects of organic compounds, water content
and clay on water repellency of a sandy soil
(Leelamanie and Karube, 2007) and so on. The
column wicking method indirectly gives contact
angles on the basis of the speed of the capillary rise
into a soil column (Ishiguro, 2003), whereas the
thin-layer wicking method (a type of the Wilhelmy
plate method) also provides contact angles on the
basis of the speed of the capillary rise into a glass
plate coated with soil colloids (van Oss et al., 1992).
Bachmann et al. (2000) proposed an application of
the sessile drop method to powdered soil particles
mounted on a glass slide by a double-sided adhesive
tape. Shang et al. (2008) compared among these
methods and showed their advantages and
disadvantages. As seen above, there are some
methods to measure wettability of soil. These
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conventional methods, however, can be used only for
relative comparison with limited conditions or some
assumptions. Actually, the concepts of interfacial
science have not been fully utilized.

In the present study, we attempted to fabricate a
flat membrane from suspensions of imogolite and
humic substances in order to apply the sessile drop
method, which is a standard measurement
methodology of contact angles, to the surface whose
roughness can be analyzed with an atomic force
microscope (AFM). With this combination, the
mechanism of humic substances to change
wettability of the fabricated membrane is clearly
demonstrated.

Materials and Methods

Imogolite

Imogolite was chosen as a membrane material
because of its hollow fibrous structure. It is a
hydrated aluminosilicate that characterizes a volcanic
ash soil as well as allophane (Cradwick et al., 1972;
Levard et al., 2012). A crude imogolite was sampled
from a pumice horizon of a non-allophanic Andosol
at Kitakami, Iwate Prefecture, Japan. The soil
contains translucent membranous materials that
mainly consist of imogolite, which can be easily
visible to the naked eye (Figure 1). The soil was
stirred with distilled water to float the translucent
materials. The translucent materials were collected
with a coarse sieve while plant fragments were
carefully removed with tweezers. The translucent
materials were twice immersed in a 5% hydrogen
peroxide solution for six days at 80 °C to decompose
organic constituents. After that, the residual hydrogen
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Figure 1. Translucent membranous materials in pumice soil.
One division of the scale is 1 mm.

peroxide in the solution was boiled away for 30 min.
The obtained suspension was acidified with a
hydrochloric acid solution and carefully maintained
pH 4-5 to avoid aggregation. The suspension was
fractionated by centrifugal (H-103N, Kokusan) to
obtain particles smaller than 500 nm in Stokes
diameter. We hereafter refer to this fraction without
iron oxide removal as the imogolite suspension. The
imogolite suspension was mixed with a 4 M sodium
chloride solution to have a volume ratio of 1:2 and
stirred for 24 h three times to substitute exchangeable
cations of imogolite with sodium ions. Then, it was
dialyzed with a dialysis membrane until electric
conductivity of its external solution fell below 1
pS/cm. Volume fraction of the imogolite suspension
was adjusted to be 2.0 mg/L. We observed the
obtained imogolite suspension with a transmission
electron microscope (TEM) (JEM-100CX, JEOL
Itd.) according to the following procedure. A copper
TEM grid was covered with formvar film. A thin
layer of carbon was deposited onto the grid by
evaporation coating. Hydrophilic treatment was
made for the grid by ion sputtering. A small drop of
the imogolite suspension was placed on the treated
grid and dried. Figure 2 shows a TEM image of
materials in the obtained imogolite suspension. We
confirmed that the materials were the bundle of
fibers and were similar to the literature (Karube,
1998); thereby the imogolite suspension was
appropriately purified.

Humic acid

Aldrich humic acid (HA) was utilized as a model
of soil organic matter. It was purified by the
following procedure on the basis of Yamashita et al.
(2013). About 30 g of the HA in a 400 mL of a 0.1 M
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sodium hydroxide solution was shaken for 24 h and
then centrifuged at 3,000 rpm for 30 min to remove
humin. The supernatant solution was acidified to pH
1 by a hydrochloric acid solution and centrifuged at
3,000 rpm for 30 min. The obtained sediment was
soaked in a mixed solution with 0.1 M sodium
hydroxide and 0.3 M sodium chloride and shaken for
24 h. The sediment was again dissolved in a 0.1 M
sodium hydroxide solution and the sequence of all
the above procedures was repeated. The obtained
solution was re-acidified to pH 1 and subsequent
sediment was dispersed in an acid solution mixed
with 0.1 M hydrochloric acid and 0.3 M hydrofluoric
acid, and then shaken for 24 h. The sediment was
dissolved in a 0.1 M sodium hydroxide solution and
was sequentially passed through two ultrafiltration
membranes (Macrosep, Pall Corp.) with 300,000 and
100,000 molecular weight cutoffs (MWCO). We
chose this range of molecular weight because the
dependencies of chemical and physicochemical
properties of the same sample on molecular weight
have been provided by Tanaka (2010) and Yamashita
et al. (2013). The retentate left on 100,000 MWCO
membrane was repeatedly washed with deionized
water to remove sodium, chloride and fluoride ions
added at the previous step until the electric
conductivity of the filtrate fell below 50 puS/cm and
the color of the filtrate became almost clear, and then
freeze-dried. The solution of 1 g/ HA was prepared
as a stock solution.

Fabrication of imogolite membrane

The imogolite membrane was fabricated by the
following procedure. The imogolite suspensions that
contain 0.20 mg/L imogolite and 0 to 540 mg/L HA
were prepared and shaken for 24 h to adsorb HA on
imogolite. During the shaking, their pH was kept at
4.8 to avoid aggregation. No sedimentation of the

(a) (b)

Figure 3. (a) appearance of the imogolite membrane and (b) SEM image.

HA was visually confirmed. After that, 10 mL of
each suspensions were filtered with a suction
filtration apparatus so that imogolite fibers could
accumulate onto the membrane filter
(GVWP02500 ; Millipore) whose diameter was 25
mm and pore size was 022 pm. Each
imogolite-accumulated filter membrane was fixed on
a glass slide with a double-stick tape and dried in
desiccator for more than 12 h. Figure 3(a) shows an
appearance of the fabricated imogolite membrane,
which its color turned light brown because of the
presence of imogolite. We also confirmed from the
Figure 3(b) that the fabricated membrane was flat
enough to put a droplet on its surface.

Measurement of contact angle

An aliquot of 2 pL of distilled water was put on
the imogolite membrane from heights of 5 mm with a
syringe that connected an electric syringe pump. A
sequence of the instillation of a droplet was recorded
with a CCD camera. The contact angle of the droplet
was determined just after an oscillation of the droplet
subsided. The mean value of the contact angle was
calculated from two observed data. The temperature
was maintained at 20 °C during the measurements.
The contact angle of membrane filter itself was 0°.

The Young’s equation expresses the relationship
between a shape of droplet on a flat uniform solid
surface and three kinds of interfacial tension

cos O = Ys —7VsL
YL (1)

where fis an angle between a flat solid surface and
a tangent line from a contact point to an air-liquid
interface, hereafter referred to as the Young’s contact
angle, ys is a solid/air interfacial tension, yg is a
solid-liquid interfacial tension and y; is a liquid-air
interfacial tension (Adamson & Gast, 1997). If a
surface is rough, we
don’t directly obtain
Young’s contact angles
by experiments. When a
surface area of contact
surface becomes
R-times larger than its
projected area because
of its surface roughness,
one must multiply R by
the ys and yg, in eq 1.
Hence the Young’s
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equation is modified as
cos g = RM = RcosOg
YL 2

where 6 is an apparent contact angle, which one
can obtain as an experimental value, on a rough
surface. From a practical perspective, we can only
observe an apparent contact angle, 65, by the sessile
drop method, and the ratio of actual area to projected
area, R, by an AFM measurement. Therefore, we can
only estimate as to the Young’s contact angle by
using eq 2, which is known as the Wenzel’s model
(Wenzel, 1936). According to this model, one can say
that contact angles are sensitive not only to its
hydrophobicity/hydrophilicity but also to roughness
of a solid surface. This model also indicates that 6 <
6 when 6 is less than 90° (hydrophilic surface),
whereas 6, > 6 when 6 is more than 90°
(hydrophobic surface). That is to say, a surface
roughness always magnifies the underlying wetting
properties. For hydrophilic surface, it is recognized
that this modified expression can only be applicable
to the situation that a liquid completely contact with
a surface and cos ¢ is in the range of 0 to
approximately 1/R (de Gennes et al., 2004).
Otherwise, the Cassie-Baxter’s model is utilized
(Cassie and Baxter, 1944). Actually, Shibuichi et al.
(1996) demonstrated that the Wenzel’s model was
inapplicable when cos 6 was close to 1 (zwas close
to 0°) in the case of hydrophilic surface.

Surface roughness and actual surface area of the
membrane

Surface roughness profiles of the imogolite
membranes fabricated with 0, 180 or 540 mg/L HA
were obtained with a tapping mode AFM (Dimension
3100, Veeco). The scan rate of the AFM was set at
0.5003 Hz. The scan area was 10 um X 10 um. The
roughness average (Ra) is obtained from

e _
Ra = — f |Z(x) — Z|dx
L Jo 3)

where the Z(x) is the height at position (x) of a
sample over the evaluation length L and Z is the
average of the height. Thus the value of Ra means
the arithmetic mean of the absolute deviation of
height in a sampling length. The actual surface area
for the field of view was also evaluated from the
obtained profile of peaks and valleys. The value of R

in the Wenzel’s model can be calculated from the
ratio of the actual surface area to 100 pm’® projected
area.

Results and Discussion

Figure 4 depicts the apparent contact angle of the
water droplet on the imogolite membrane as a
function of concentration of the HA added in the
fabrication step. In the case of no addition of the HA,
the apparent contact angle became zero, i.e. the
complete wetting. This result demonstrated that the
imogolite itself had a high affinity for water. Iwata et
al. (1989) conducted the experiment of water vapor
adsorption by allophane. They demonstrated that the
allophane achieved complete wetting when a relative
vapor pressure was at least 1% and had hydrophilic
surface. According to their result, the hydrophilicity
of the imogolite also arises from the polarities of its
hydroxyl groups that are present on its
aluminosilicate surface. In contrast, the apparent
contact angle appeared in the case of the membranes
fabricated with the HA. The apparent contact angle
gradually increased with an increase of the HA up to
270 mg/L and remained constant above the threshold.
Such a change of wettability of the fabricated
membrane was apparently due to the adsorption of
the HA on the imogolite surface. The plateau can be
caused by saturated adsorption. The change from the
complete wetting (6 = 0°) to the partial wetting (6 >
0°) by the presence or absence of the HA can be
explained with the spreading parameter S, which
measures the difference between the surface energy
per unit area E of the solid surface when they are dry
and wet

S =Eay = Ever =ys —(yst+y0) (4
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Figure 4. Apparent contact angle of the imogolite membranes
as a function of the additive amount of humic acids.
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(a) (b)
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Figure 5. The image of the imogolite membrane surface with different concentrations of a humic acid (HA), which was observed
by an AFM: (a) 0 mg/L HA, (b) 180 mg/L HA and (c¢) 540 mg/L HA. These pictures are 10 um on a side.

A complete wetting achieves when S > 0 (£, >
E,.), whereas a contact angle appears when S < 0
(Egy < Eye). In our case, the value of S became
negative when the membrane contained the HA. This
sign inversion means that the HA caused the
reduction of E,, (or y,), which is equivalent to a
tendency for a decreased area of their solid-liquid
interface, so-called dewetting (de Gennes et al.,
2004). It is well known that humic acids have
aromatic nuclei and long-chain hydrocarbon in their
molecular structure, where they contribute to their
hydrophobic  characteristics  (Stevenson, 1994).
Meanwhile, they also have hydrophilic group such as
carbonyl group. Tanaka (2012) showed the
solid-state *C NMR spectra of the same HA sample
that passed through the 100,000 MWCO ultrafiltra-
tion membrane. He calculated the integrated areas for
the selected regions of the chemical shift (ppm) to
assign the carbon structure of the HA to distribution
of functional groups; 50% of aliphatic carbon (10-50
ppm), 7.0% of o-alkyl (50-100 ppm), 22% of
double-bonded carbon (110-160 ppm) and 20% of
carbonyl group (160-220 ppm), which clearly
showed amphiphilicity of the HA sample. From this
result, it is reasonable to support that the adsorbed
HA turned its hydrophilic structure toward a
hydrophilic surface of imogolite and therefore its
hydrophobic structure faced to liquid phase. Hence,
the imogolite membrane became more hydrophobic
when the HA was added. Actually, the occurrence of
the apparent contact angle of the HA-imogolite
membrane implied that the membrane with the HA
was more hydrophobic than that without HA, and its
dewetting can be partly attributed to the hydrophobic
characteristics of the HA.

Table 1 The surface roughness parameter of the imogolite
membrane, apparent contact angles and the Young’s
angle estimated by the Wenzel’s model.

G e gm0 0
[mg/L] [nm] [um’] | S I A R A R
0 120 120 1.20 0.83 0 N/A N/A
180 71 111 1.11 090 55 589 3.9
540 60 105 1.05 095 65 663 1.3

As mentioned in the materials and methods section,
contact angles are subject to surface roughness as
well as hydrophobicity. We now discuss an influence
of a membrane surface roughness on contact angles.
Figure 5 illustrates the AFM images of the imogolite
membrane fabricated with 0, 180 or 540 mg/L HA.
The luminance contrast decreased with an increase of
the HA concentration. This difference qualitatively
showed that the membrane was smoothened because
of the HA adsorption. Table 1 lists the surface
roughness parameters estimated by the AFM
measurement. The Ra values revealed that the height
of the roughness of the membrane was in the range
from several tens to a hundred of nanometers. The
decrease of the Ra values with increasing the
addition of HA quantitatively proved that the HA had
a capability to make the surface smoother. Such an
effect reminds us of a fabric softener whose
amphiphilic ingredients can lubricate rough clothing
fibers. In a similar way, the HA could act as a
softener detergent to the frayed imogolite fibers so
that the imogolite fibers interweave each other and
made smoother. The actual surface area was greater
than the projected area of the field of view (100 pm?)
in all cases. The actual surface area with no addition
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of the HA was the largest, and it became smaller with
increasing of the addition of the HA. From the
obtained values of actual surface area, the value of R
can be calculated. Simultaneously, we can estimate
the Young’s contact angle #g by substituting the
experimental values of R and O into the eq 2. As
stated in the materials and methods section, the
Wenzel’s model has limitation in the application (0 <
cos 6 < 1/R). In our case, the applicable conditions
were calculated as 34° < 0; < 90°, 26° < 0z < 90° and
18° < 05 < 90° for the membrane with 0, 180, and
540 mg/L HA, respectively. Therefore, our results
can be applied to the Wenzel’s model except for the
case of no addition of the HA. The values of 6;
estimated by the Wenzel’s model are shown in the
Table 1. These values mean the contact angle of the
surface whose roughness effect was eliminated. That
is to say, the value of 9y represents only hydrophobic
effect. On the other hand, the difference between
Young’s and apparent contact angle (6 - 6p)
indicates the effect of surface roughness on the
contact angles. The changes of contact angle induced
by their surface roughness were determined as 3.9°
and 1.3°, which corresponded to total increase of
7.0% and of 2.0%, for the membrane with 180 mg/L
HA and 540 mg/L HA, respectively. As a result, we
can conclude that the surface roughness has a lower
impact on wettability of the membrane than the
hydrophobic characteristics of the adsorbed HA.

Conclusions

We investigated contact angle and surface
roughness properties of the imogolite membrane
fabricated with different concentration of the HA.
The contact angle without the addition of HA
achieved complete wetting while the apparent
contact angle increased with an increase of the
concentration of HA up to approximately 70°. The
reason for the appearance of dewetting of the
imogolite-HA membrane was discussed in terms of
the change of interfacial tensions and surface
roughness. The transition of wettability by the
presence or absence of the HA indicated that the
adsorption of the HA can change the imogolite
membrane into less hydrophilic surface. On the other
hand, the influence of the membrane surface
roughness on the wettability was analyzed with an
AFM. The Wenzel’s model combined with the
obtained data represented that the membrane surface

roughness had a little effect on dewetting in the
present case. Through the results of analyses of the
contact angle and the surface roughness, we conclude
that the tendency for dewetting of the imogolite-HA
membrane is chiefly ascribed to a hydrophobic
characteristics of the HA that was adsorbed on the
imogolite surface rather than its surface roughness.
The imogolite membrane made in the present study
allows us to directly measure contact angles and
demonstrate a possibility of a promising material to
get more understanding of wetting phenomena of
soils.

Acknowledgments

The authors thank the Nanoprocessing Partnership
Program (NPPP) at the National Institute of
Advanced Industrial Science and Technology for
providing use of the AFM. This work is funded by a
Grant-in-Aid for Scientific Research (A22248025)
from the Japanese Society of promotion of Science.

References

Adamson, A.W. and Gast, A.P. (1997) In: Physical Chemistry
of Surfaces. John Wiley & Sons, Inc. NY, pp.347-389.

Bachmann, J., Ellies, A. and Hartge, K.H. (2000) Development
and application of a new sessile drop contact angle method
to assess soil water repellency. J. Hydrol., 231-232, 66-75.

Bisdom, E.B.A., Dekker, L. W. and Schoute, J.F.T. (1993)
Water repellency of sieve fractions from sandy soils and
relationships with organic material and soil structure,
Geoderma, 56, 105-118.

Cassie, A. B. D. and Baxter, S. (1944) Wettability of porous
surfaces, Trans. Faraday Soc., 40, 546-551.

Cradwick, P., Farmer, V., Russell, J., Masson, C., Wada, K. and
Yoshinaga, N. (1972) Imogolite, a hydrated aluminum
silicate of tubular structure, Nat. Phys. Sci., 240, 187-189.

DeBano, L.F. (2000) Water repellency in soils: a historical
overview, J. Hydrol., 231-232, 4-32.

de Gennes, P-G., Brochard-Wyart, F. and Quere, D. (2004) In:
Capillarity and wetting phenomena, Springer, NY, pp.
216-226.

Doerr, S.H. (1998) On standardizing the ‘water drop
penetration time’ and the ‘molarity of an ethanol droplet’
techniques to classify soil hydrophobicity: a case study using
medium textured soils, Earth Surf. Process. Landforms, 23,
663-668.

Ishiguro, M. (2003) In: Colloidal phenomena of soils (in
Japanese),  Adachi, Y. and Iwata, S. Eds;
Gakkai-Shuppan-Center, Tokyo, pp.370-373.

Iwata, S., Izumi, F. and Tsukamoto, A. (1989) Differential heat
of water adsorption for montmorillonite, kaolinite and
allophane, Clay Miner., 24, 505-512.

Karube, J. (1998) Hysteresis of the colloidal stability of
imogolite, Clay Clay Miner., 46, 583-585.

Leelamanie, D.A.L. and Karube, J. (2007) Effects of organic



Yuji Yamashita et al. : Contact angle and surface roughness of the imogolite membrane fabricated with different concentrations of humic acid 7

compounds, water content and clay on the water repellency
of a model sandy soil., Soil Sci. Plant Nutr., 53, 711-719.

Levard, C., Doelsch, E., Basile-Doelsch, 1., Abidin, Z., Miche,
H., Masion, A., Rose, J., Borschneck, D. and Bottero, J.-Y.
(2012) Structure and distribution of allophanes, imogolite
and proto-imogolite in volcanic soils, Geoderma, 183-184,
100-108.

Shang, J., Flury, M., Harsh, J.B. and Zollars, R.L. (2008)
Comparison of different methods to measure contact angles
of soil colloids, J. Colloid Interface Sci., 328, 299-307.

Shibuichi, S., Onda, T., Satoh, N. and Tsujii, K. (1996) Super
water-repellent surfaces resulting from fractal structure, J.
Phys. Chem., 100, 19512—-19517.

Stevenson, F.J., (1994) In: Humus chemistry, John Wiely &
Sons, Inc., NY, pp.285-302.

Tanaka, T. (2012) Functional groups and reactivity of
size-fractionated Aldrich humic acid, Thermochim. Acta, 532,
60-64.

van Oss, CJ., Giese, R.F., Li, Z., Murphy, K., Norris, J.,
Chaudhury, M.K. and Good, R.J. (1992) Determination of
contact angles and pore sizes of porous media by column
and thin layer wicking, J. Adhes. Sci. Technol., 6, 413-428.

Wenzel, R. N. (1936) Resistance of solid surfaces to wetting by
water, Ind. Eng. Chem., 28, 988-994.

Yamashita, Y., Tanaka, T., and Adachi, Y. (2013) Transport
behavior and deposition kinetics of humic acid under acidic
conditions in porous media, Colloid Surf. A-Physicochem.
Eng. Asp., 417, 230-235.

Yamazaki, F. (1977) In: Soil physics (in Japanese), Yokendo,
Tokyo, pp.46-51.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [612.000 792.000]
>> setpagedevice


