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1. Introduction

Whenever a solid surface is brought
into contact with an aqueous solution,
surface and solid-water interfacial
charge are generated spontaneously.
The charge distribution at the solid-
water interface drives the electrostat-
ic interaction between the solid sur-
face and solutes contained in the
aqueous solution. For small particles
or tiny fibres in dispersions, surface
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The electrostatic interaction of a material surface with solutes in an aqueous
solution plays an important role in many textile processes such as dyeing or
finishing. The surface charge of textile fibers is driving this electrostatic in-
teraction. Knowledge of the surface charge is accessible through the analysis
of the surface zeta potential, which again is assessed by the measurement of
the streaming potential. We explain the principle of the surface zeta potential
analysis and highlight challenges in the streaming potential measurement of
textile fabrics. A review of applications of the zeta potential in state-of-the-art
textile research reported in the scientific literature is complemented by our
recent results obtained for flame-retardant cotton-modacryl fabrics and the
analysis of the adsorption and desorption kinetics of fabric softeners.
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charge may be directly determined
either by a potentiometric titration [1]
or by using a particle charge detector
[2]. For any other solid material, the
analysis of surface charge is restrict-
ed to an indirect assessment of the
zeta potential. Besides monitoring
surface and solid-liquid interfacial
charge, the zeta potential may be used
as a sensitive indicator for the inter-
action between solutes contained in
an aqueous solution and the solid sur-
face. Such processes are important in
textile application and comprise of
the detection of the adsorption of sur-
factants (e.g., of fabric softeners,

laundry detergents), dyestuff mole-
cules, polyelectrolytes, and even
nanoparticles.

We report on case studies for textile
treatment and surface modification,
which employ the surface zeta poten-
tial as an indicator for changes in the
surface charge of textile fabrics during
and after applying these processes.

2. Surface zeta potential

In colloidal dispersions and emul-
sions the zeta potential is determined
from the measurement of the electro-
phoretic mobility or of an electro-
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acoustic effect [3] and primarily em-
ployed to estimate the long-term sta-
bility of such colloidal systems. For
macroscopic solid surfaces, the zeta
potential is calculated from the mea-
surement of the streaming potential
and of the streaming current [4] and
a useful indicator for surface charge
and surface functional groups. The
theoretical background of the zeta
potential is common for colloids and
solids and based on the model of the
electrochemical double layer (EDL)
at the solid-liquid interface. Fig.1
shows a schematic drawing of the
interfacial charge distribution at a
solid-water interface. The surface
charge, generated, e.g., by the inter-
action of water with surface func-
tional groups, gets partially compen-
sated in a stagnant layer of water and
counter-ions. Full compensation of
the surface charge requires additional
counter-ions that are accumulated in
the diffuse layer. The distribution of
counter-ions (cations in Fig.1) and
co-ions (anions in Fig.1) in this dif-
fuse layer differs from the ion distri-
bution in the bulk aqueous phase.
Upon a relative motion between the
solid and the liquid phase, an electro-
kinetic effect is established. The mea-
suring parameters of electrophoretic
mobility or streaming potential men-
tioned above belong to the series of
such electrokinetic effects.

Streaming potential occurs when lig-
uid flows through a capillary that is

formed by the solid material. A pres-
sure difference applied between both
ends of such capillary drives the lig-
uid flow through this capillary. The
interfacial charge distribution gets
disturbed in such a way that surface-
charge compensating ions of the dif-
fuse layer move in the direction of the
liquid flow. An excess of charges with
a sign determined by the surface
charge remains, which leads to a
charge separation and furthermore to
the formation of an electric potential.
This streaming potential U, is relat-
ed to the pressure difference Ap ac-
cording to Eq. (1). In the correlation
factor we find the zeta potential { as
the representative contribution from
the solid surface.

€ X €
XK

dU, = % xdap (1)

In Eq. (1), &, is the permittivity in free
space, € and h are the dielectric coef-
ficient and the viscosity of water, re-
spectively, and K, is the conductivity
of'the aqueous solution. The model of
the EDL introduces several boundary
conditions for the streaming potential
analysis, which are hardly fulfilled by
technical material samples. Among
these we find the requirement of a flat
surface with an infinite extension.
This is certainly not the case for tex-
tile fabrics. Secondly, the solid sur-
face must be non-porous and non-
conductive. Natural fibres with an
open structure and a certain swelling
propensity or fabrics definitely con-

/— stagnant layer

potential y
yx

diffuse layer

distance ——

Fig.1 Model of the electrochemical double layer at the solid-water interface.

tradict this requirement. Nevertheless
we succeed in using the zeta potential
as an indicator for surface charge and
for processes at the solid-water inter-
face such as liquid-on-solid surface
adsorption or desorption.

The restrictions of the model of the
EDL are mainly applicable to the cal-
culation of the zeta potential. There
are certain extensions of the theory of
Helmbholtz and Smoluchowski, which
relates either the streaming potential
or the streaming current measure-
ment to the surface zeta potential. As
early as in the 1920s, Fairbrother and
Mastin [5] introduced a simple ap-
proach to correct for the effect of sur-
face or interfacial conductance in the
evaluation of the zeta potential from
streaming potential measurement of
fibrous samples. They suggested to
suppress the effect of surface conduc-
tance by determining the cell con-
stant of a fibre plug at high ionic
strength. However, what they did not
consider is the additional ionic con-
ductance introduced by the porosity
of natural fibres [6] that changes with
the ionic strength of the aqueous so-
lution. Even for a porous material
such as textile fabrics with a macro-
scopically flat surface, where stream-
ing current measurement can be ap-
plied, the effect of streaming current
inside the porous structure of such
samples was considered only recent-
ly [7]. For the analysis of the surface
charge and of surface functional
groups for complex material surfac-
es, it is therefore recommended to
apply the measured parameters of
streaming potential or streaming cur-
rent [8] instead of the zeta potential.

3. Experimental

The aim of this paper is to review past
and recent results for the zeta poten-
tial analysis of textile fabrics. Stream-
ing potential measurements of plugs
of fabrics were performed with either
the EKA Electro Kinetic Analyzer
(available in 1990-2005) or the Sur-
PASS instrument (available in 2006-
2015) of Anton Paar, Austria. Prior to
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Fig.2 Effect of washing cycles on the durability of: a) cotton fabric treated with positively charged nanoparticles (pH 6) [13]
and b) pantyhose treated with microcapsules (pH 9) [14]

the availability of a commercial in-
strument for surface zeta potential
analysis, various research groups
have used a self-made streaming po-
tential apparatus for the surface char-
acterization of textile fibres. A cylin-
drical cell was used for the sample
mounting, whose design is also dif-
ferent for EKA and SurPASS.

The experimental conditions may de-
viate from the standard protocol of
using a dilute aqueous solution of a
1:1 electrolyte such as NaCl or KC1
at an ionic strength of 0.001 mol/l.
Deviations from these conditions are
indicated. A common approach is the
evaluation of the pH dependence of
surface charge, which is accom-
plished by adding dilute acid or base
with a concentration of 0.05-0.1 mol/l
to the measuring solution. The pH
dependence of the zeta potential re-
veals the isoelectric point of the ma-
terial-water interface, i.e., the pH of
the aqueous solution where {=0 mV
and thus the interfacial charge dimin-
ishes.

4. Discussion of results

The focus of first applications of the
streaming potential for textile fibre
and fabric characterization was pri-
marily an assessment of processes
such as the adsorption of surfactants
[9] or pretreatment of cotton, e.g.
scouring and mercerization [2, 10,
11]. The corresponding zeta potential

data has been reviewed [12]. More
recently the focus was drawn on the
introduction of functional groups to
the fabric surface.

4.1. Adsorption of nanoparticles

A possible route for the functionaliza-
tion of textile fabrics is the attach-
ment of nanoparticles or microcap-
sules to the fabric surface. Ripoll et
al. have used the streaming potential
as an indicator to assess the kinetics
of adsorption of positively charged
nanoparticles on cotton and polyam-
ide fabrics [13]. After modification of
these fabrics with nanoparticles, they
looked at the durability during a se-
ries of wash cycles. A similar study
was reported by Luxbacher et al. on
the removal of microcapsules from
pantyhose after 1, 3, and 10 wash
cycles [14]. Fig.2 compares the re-
sults of these studies. The use of
nanoparticles with strongly cationic
functional groups by Ripoll et al. [13]
gives evidence for the release of
nanoparticles by the zeta potential
analysis in a wide pH range. How-
ever, the negative charges of both
microcapsules and pantyhose require
a pH scan of the zeta potential to de-
termine the measuring conditions that
reveal the most significant difference
between samples. The zeta potential
was thus recorded at pH 9. Note that
after 10 wash cycles, the detergent
obviously changes the properties of

the polyamide fabric of the panty-
hose.

4.2. Textile care

Durability of surface treatment is a
requirement, which thus can be ad-
dressed by the surface zeta potential.
On the other hand, the ability to ob-
serve the removal of a deposit from a
textile fabric is important for an eval-
uation of the washing efficiency of
detergents. Luxbacher et al. [15] have
shown the changes in the surface zeta
potential of cotton knitted fabrics
stained with blood to illustrate the ef-
fect of a standard detergent and the
cleaning enhancement at 60 °C. The
zeta potential of a standard test strip
of raw cotton (empa testmaterials,
Switzerland) was employed as refer-
ence data for the zeta potential ob-
tained after laundering raw cotton test
strips stained with blood.

Fig.3 compares the pH dependences
of the zeta potential for virgin and
blood-stained raw cotton fabrics after
washing with a standard detergent at
a bath temperature of 60 °C. Despite
of the small range of = 10 mV ob-
tained for the zeta potential of these
fabrics, we can clearly distinguish the
surface properties of the different
samples. We conclude on a partial
removal of blood stain after a con-
ventional wash cycle because a stan-
dard detergent does not contain en-
zyme protease that is a key ingredient
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Fig.3 pH dependence of zeta potential for raw cotton knitted fabrics. Comparison
of pristine and blood-stained fabrics after laundering with a conventional
detergent and with a detergent containing protease [15]
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Fig.4 Adsorption and desorption kinetics of fabric softener containing esterquat
in a cotton-modacryl knitted fabric monitored by the streaming potential [16]

for a removal of proteinaceous stain.
A comparison with the zeta potential
for the raw cotton fabric and for
bleached cotton [11] let us assume
that protease not only removes blood
stain but also non-cellulosic com-
pounds of the raw cotton fabric.

Related to the laundry process is the
application of a fabric softener on
textiles. Luxbacher et al. [16] have
monitored the charge reversal for fab-
rics knitted from blended yarn of cot-
ton and modacryl. The changes in the
surface charge were recorded with
time during the adsorption process.
The streaming potential, generated at
a constant pressure difference applied

between both ends of a plug of the
fabric sample, was used to indicate
the adsorption kinetics of an esterquat
softener. Since this cationic surfac-
tant affects the pH of the dilute aque-
ous solution of 0.001 mol/l KCl even
at low concentration, a phosphate
buffer (PBS) was utilized to stabilize
pH. Changes in the streaming poten-
tial are thus solely related to the de-
position of esterquat on the surface of
the cotton-modacryl fabric. Figure 4
shows a typical scan of the adsorption
and desorption process for esterquat
on a knitted fabric with 60 % cotton
and 40 % modacryl. After stabilizing
the fabric sample in phosphate buffer,

a concentration of 500 ppm esterquat
was added to the solution and ex-
posed to the fabric. The initially fast
adsorption process slows down and
approaches equilibrium after 2 min.
Subsequent rinse with fresh buffer
solution indicates partial removal of
the cationic surfactant. The added
concentration obviously introduced
an excess for the fabric surface pro-
vided by the sample. However, the
softener-treated fabric remained pos-
itively charged until a harsh treatment
with the anionic surfactant sodium
dodecyl sulphate (SDS) triggered a
more efficient removal. Even after
rinse with PBS solution containing
40 ppm SDS, the streaming potential
did not return to the initial value of
the untreated cotton-modacryl fabric.

4.3. Heterogeneous material
surfaces

The scope of the analyses of softener
adsorption on knitted fabrics includ-
ed the investigation of the effect of
blend composition by using the sur-
face zeta potential. The significantly
different surface properties of cotton,
i.e., a natural cellulose-based fibre,
and modacryl, i.e., a man-made poly-
mer fibre, enables the clear differen-
tiation of the fibre-water interfacial
charge. Cotton fibres exhibit acidic
functional groups such as hydroxylic
and carboxylic, are porous, hydro-
philic, and show swelling in water.
Modacryl fibres show opposite prop-
erties. They are non-porous, hydro-
phobic, and do not exhibit a signifi-
cant number of surface functional
groups. These differences are reflect-
ed by the surface zeta potential. The
properties of cotton lead to a negative
zeta potential, which gets estimated
too low when calculated by Eq. (1).
Man-made polymer fibres commonly
exhibit a strongly negative zeta po-
tential due to the accumulation of
water ions (hydroxide and hydro-
nium) at the polymer-water interfa-
ce[17].

Fig.5 shows the pH dependence of
the zeta potential for a series of cot-
ton-modacryl knitted fabrics with dif-
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Fig.5 pH dependence of zeta potential for cotton-modacryl knitted fabrics
with different composition (dotted lines indicate the estimated zeta potential
for cotton-modacryl blends by assuming equal contributions of cotton

and modacryl fibres)

ferent composition. In this case we
refer to the negative zeta potential at
medium and high pH rather than to
the IEP in order to distinguish be-
tween the different fabrics. In addi-
tion to the experimental data, the dot-
ted lines in Figure 5 indicate the pre-
dicted results for cotton-modacryl
blends C50M50 (50% cotton, 50%
modacryl) and C40M60 (40% cotton,
60% modacryl) assuming equal con-
tribution of cotton and modacryl to
the surface zeta potential. Obviously
the cotton fibres dominate the zeta
potential of the cotton-modacryl
blends. We interpret this result by the
increased surface area of the porous
cotton fibres as compared with mod-
acryl fibres. Although surface area
does not affect the zeta potential
analysis when looking at an individ-
ual material surface (since z is related
to the interfacial charge density), the
ratio of corresponding surface areas
has to be considered for the investiga-
tion of heterogeneous sample con-
figurations consisting of two or even
more materials.

5. Summary and outlook

The analyses of the zeta potential re-
ported in this paper demonstrate the
evolution of its use in textile charac-
terization from classical textile pro-

cesses, such as pretreatment, towards
tuning fibre and fabric surface prop-
erties for high-end applications.
Nowadays the scope of textile re-
search expands towards the use of
textiles for membrane filtration or
biomaterials. Besides the verification
of surface modification and surface
treatment, the zeta potential is a pow-
erful indicator for solute-on-surface
adsorption processes. Monitoring the
interaction of solutes, ranging from
molecules to nanoparticles, with fab-
ric surfaces introduces an exciting
application for the surface zeta poten-
tial analysis. Protein interactions with
textile scaffolds for tissue engineer-
ing or with fabrics for wound dress-
ings, or the deposition of foulants on
the surfaces of fabrics for water treat-
ment are representative examples for
current and future studies.

References:

[1T] Risti¢ T. et al: A study on the in-
teraction of cationized chitosan
with cellulose surfaces, Cellulo-
se 21 (2014) 2315-2325, ISSN
0969-0239

[2] Grancari¢, A.M., A. Tarbuk,T.
Pusi¢: Electrokinetic properties of
textile fabrics, Coloration Tech-
nology, 121 (2005) 4, 221-227,
ISSN 1472-3581

[3]

[11]

Delgado A.V. et al: Measurement
and interpretation of electrokinetic
phenomena, Pure and Applied
Chemistry, 77 (2005) 10, 1753-
1805, ISSN 0033-4545
Luxbacher T.: The ZETA Guide —
Principles of the streaming poten-
tial technique, Anton Paar GmbH,
ISBN 978-3-200-03553-9, Graz,
Austria, (2014)

Fairbrother F., H. Mastin: Studies
in electro-endosmosis. Part 1.,
Journal of the Chemical Socie-
ty 125 (1924) 2319-2330, ISSN
1862-1877

Hubbe M.A.: Sensing the electro-
kinetic potential of cellulosic fiber
surfaces, Bioresources 1 (2006) 1,
116-149, ISSN 1930-2126
Yaroshchuk A., T. Luxbacher: In-
terpretation of electrokinetic mea-
surements with porous films: Role
of electric conductance and strea-
ming current within porous struc-
ture, Langmuir 26 (2010) 13,
10882-10889, ISSN 0743-7463
Zimmermann R. et al: Electroki-
netics of a poly(N-isopropylacryl-
amid-co-carboxyacrylamid) soft
thin film: Evidence of diffuse seg-
ment distribution in the swollen
state, Langmuir 26 (2010) 23,
18169-18181, ISSN 0743-7463
Espinosa-Jimenez M., E. Gime-
nez-Martin: The sorption of N-
-cetylpyridinium chloride on leac-
ril fibers. Electrokinetic proper-
ties, Acta Polymerica 47 (1996)
181-187, ISSN 1521-4044
Ribitsch V., K. Stana-Kleinschek,
S. Jeler: The influence of classical
and enzymatic treatment on the
surface charge of cellulose fibres,
Colloid and Polymer Science 274
(1996) 388-394, ISSN 0303-402X
Pusi¢ T. et al: The effect of mer-
cerisation on the electrokinetic po-
tential of cotton, Journal of the
Society of Dyers and Colourists
115 (1999) 1, 121-124, ISSN
1478-4408

Luxbache T.: Electrokinetic prop-
erties of natural fibres, In Hand-
book of natural fibres Vol. 2: Pro-
cessing and applications, Wood-
head Publishing, ISBN 978-
1845696979, Cambridge, UK,
(2012), 185-214

Ripoll L. et al: Electrokinetic
properties of bare or nanoparticle-



T. LUXBACHER et al.: The zeta potential of textile fabrics: a review,
Tekstil 65 (9-10) 346-351 (2016.)

351

[14]

[15]

functionalized textile fabrics, Col-
loids and Surfaces A397 (2012) 1,
24-32, ISSN 0927-7757

Pusi¢ T. et al: Microcapsule Dura-
bility on Polymide-Knitted Fab-
rics Assessed by Streaming Poten-
tial Analysis, AATCC review 11
(2011) 5, 68-73, ISSN 1532-8813
Luxbacher T., T. Pusi¢, I. Petrini¢:
Monitoring the washing efficiency
of stained cotton fabrics by strea-

[16]

ming potential measurement, Pro-
ceedings of the 47 ITC&DC 2008,
Dragcevic, Z. (Ed.), 825-830,
ISBN 978-953-7105-26-6, Du-
brovnik, October 2008, University
of Zagreb Faculty of Textile Tech-
nology, Zagreb, (2008)

Luxbacher T. et al: Assessing the
rate of adsorption of a softener on
knitted fabrics by streaming po-
tential measurement, Proceedings

[17]

of the 70 ITC&DC 2014, Drag-
cevic, Z. (Ed.), 226-231, ISBN
1847-7275, Dubrovnik, October
2014, University of Zagreb Fac-
ulty of Textile Technology, Za-
greb, (2014)

Zimmermann, R. et al: Hydroxide
and hydronium adsorption — A sur-
vey, Current Opinion in Colloid &
Interface Science 15 (2010) 3,
196-202, ISSN 1359-0294




<<
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /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 200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /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 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.66667
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /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


