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Abstract—It is shown that aqueous suspension-emulsion electrolytes containing sodium silicate, siloxane-acrylate
emulsion, and dispersed particles of oxides are promising for direct synthesis by the plasma-electrolytic oxida-
tion method of coatings with multicomponent composition on titanium and aluminum. The formation processes,
composition, and structure of the coatings were studied in electrolytes with 1-4-pm particles of V,05, B,O;, or
Al,O5. The average content of metals and nonmetals of dispersed particles in the surface part of the coatings is
~1-2 at %. The coatings have a developed surface morphology and contain in the surface part up to 50-73 at %

carbon.
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The performance capabilities of the plasma-electrolytic
oxidation (PEO) method are extensively studied in order
to form oxide layers of required chemical composition,
structure, and functional purpose on the surface of valve
metals and alloys (Al, Ti, Zr, Mg, Nb, etc.) [1-4]. Spark
and microarc electric discharges occurring in this method
at the electrode/electrolyte interface make it possible
to incorporate electrolyte components into a growing
anodic oxide coating. In particular, the application for this
purpose of suspension-electrolytes is studied: aqueous salt
solutions with added dispersed particles of metals and
nonmetals, including oxides, polymers, nanotubes, etc.
[4-8]. In the general case, particles can be incorporated
into coatings in the unchanged state, or enter, on being
melted or degraded by electric discharges, into high-
temperature interactions with matrix components. The
built-in dispersed particles, or compounds formed on
their basis strongly extend the range of characteristics
and possible application fields of PEO coatings [4, 5].

To raise the stability of suspension-electrolytes,
surfactants are additionally introduced [7, 8].
Simultaneously, the sorption of surfactants can impart a
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required charge to the particle surface, which is important
not only for the stability of electrolytes, but also in
electrochemical processes.

It has been shown recently that the application of a
siloxane-acrylate emulsion is effective for stabilization
of polytetrafluoroethylene (PTFE) particles ~1 pum in size
and graphite particles with size of ~50 um in an aqueous
silicate electrolyte [9—11]. The suggested suspension-
emulsion electrolytes are stable in the course of time,
dispersed particles bear a negative charge, and anodic
PEO coatings formed on aluminum or titanium alloys
contain in their composition PTFE or graphite.

Application of electrolytes with siloxane-acrylate
emulsion added as emulsifier may be promising for
formation by the PEO method of multicomponent
coatings in electrolytes with dispersed particles of various
polymers, as well as oxides, glasses, powder paints,
and metals capable of adsorbing micelles of a siloxane-
acrylate copolymer on their surface.

The goal of our study was to determine the composition
and structure of PEO coatings formed on aluminum or
titanium in a silicate electrolyte with addition of a
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siloxane-acrylate emulsion and dispersed particles of
V,0s, B,03, or Al,O5.

EXPERIMENTAL

The coatings were galvanostatically formed on 20 x
20 x 0.5 mm samples of aluminum alloys (AMg5) and
VT1-0 titanium at effective current density of 5 Adm-2in
the course of 10 min. A computer-controlled TEP-4/460H
thyristor aggregate (Russia) operating in the unipolar
mode was used as a current source. After the coatings
were formed, the samples were washed with distilled
water and dried in air.

The electrochemical treatment of the aluminum
samples was performed in an electrolyte placed in a
vessel made of heat-resistant glass. As a counter electrode
served a hollow coil of a nickel alloy through which cold
tap water was passed to cool the solution. The electrolyte
temperature in the course of the treatment did not exceed
30°C.

The electrolyte was prepared from distilled water
and commercial reagents of chemically pure brand:
Na,Si05-5H,0 and NaOH. As emulsifier served a KE 13-
36 industrial siloxane-acrylate emulsion manufactured by
Astrokhim OOO (Russia) (Fig. 1). Mechanically ground,
with the subsequent separation into fraction, powders of
the oxides V,0s, Al,O5, B,O; were used, with the average
particle size being 1-4 pm.

The suspension-emulsion electrolytes were prepared
in two stages. Initially, 100 mL of a siloxane-acrylate
emulsion was mixed with a prescribed amount of a powder.
Ahigh-speed (13 000 rpm) mechanical stirrer was used to
agitate the mixture for 10 min. The resulting mixture was
combined with 900 mL of an already prepared aqueous
solution containing 10.6 g Na,SiO;-5H,0 + 2 g NaOH.
The following powder concentrations were used (g L-1):
2V,0s, 5 Al,035, 10 B,05. The concentrations were found
experimentally in each case. As the choosing criterion
served the absence of a visually visible stratification of
the electrolyte during 24 h of observation.

The thickness of the coatings was measured with a
VT-201 thickness meter (Russia).

High-resolution surface images were obtained with a
Hitachi S-55009 electron scanning microscope (Japan).
The Thermo Scientific attachment (United States) to
the microscope for energy-dispersive spectroscopy was
used to determine the elemental composition of separate
surface areas. The depth of analysis was ~1 um.

(a)
[
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Fig. 1. (a) Structural formula of KE 13-36 siloxane-acrylate
emulsion manufactured by Astrokhim OOO and (b) structure
of an emulsion micelle in water.

The averaged elemental composition of the surface
layer of the coatings (analysis of a ~2-pum-thick layer) was
determined on a JXA-8100 Electron Probe Microanalyzer
electron-probe X-ray fluorescence microanalyzer (Japan).
The content of an element was determined as the average
of five measurements obtained at different parts of
coatings in scanning of 300 x 200 um sample pads.

The composition of boron-containing coatings
(~3-nm layer) was determined by X-ray photoelectron
spectroscopy (XPS). The XPS spectra were measured in
a Specs ultrahigh-vacuum installation (Germany) with a
150-mm electrostatic semispherical analyzer.

X-ray diffraction patterns were obtained on a D8
ADVANCE X-ray diffractometer (Germany) with Cuk,
radiation. The X-ray diffraction (XRD) analysis was
made with an EVA search program with PDF-2 database.

The incorporation of vanadium and boron oxides
from suspension-emulsion electrolytes was examined
when PEO coatings were formed on an aluminum
alloy. Figure 2 shows how the voltage across the
electrodes depends on the PEO process duration. The
final values of the electrode voltages upon completion
of the process were used to obtain the series starting
electrolyte < starting + emulsion < starting + emulsion +
V,05 = starting + emulsion + B,0s. As the electrolyte
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Thickness and elemental composition of coating according the results of X-ray fluorescence microanalysis

Thickness and elemental composition of coatings, at %
Electrolyte

h, um C (0] Al Si Na v B Ti
Starting (true) solution 4 40.3 40.5 15.8 2.7 0.7 - - -
Starting + emulsion 9 448 38.4 12.5 3.7 0.6 - - -
Starting +emulsion + V,05 54 64.6 25.5 0.4 6.4 0.5 2.6 - -
Starting? +emulsion + B,0, 20 50.5 34.5 7.1 6.2 0.5 - 1.2 -
Starting® +emulsion + Al,O4 52 73.1 24.5 0.7 1.4 0.2 - - 0.1

2 The elemental composition was measured by X-ray photoelectron spectroscopy

b The coating was formed on titanium.

composition becomes more complex and a transition
occurs from a true solution to a solution with addition of
an emulsion and further to a suspension-emulsion, the
electrical resistance of the system grows. Simultaneously,
the coating thickness increases in electrolytes with
dispersed particles (see the table). It can be assumed
that the electrical resistance of the system is associated
both with the increase in the coating thickness due to the
incorporation of the electrolyte components and with the
presence in solution of bulky siloxane-acrylate micelles
(Fig. 1) and also comparatively low-mobile dispersed
particles with sorbed micelles. Micelles not only can be
adsorbed on oxide particles, but also can bind silicate
polymers, with the concentration of current carriers and
their mobility in solution thereby lowered.

Changing the composition and state of the electrolyte
noticeably affects the morphology of PEO coatings
(Fig. 3). The surface of the coatings formed in a silicate-

U, v 8203

400

Emulsion

200 Starting

200 400 t,s

Fig. 2. Effect of the electrolyte composition on the dependence
of the voltage U across the electrodes on time # in the course of
PEO of aluminum alloy AMg5.

alkaline electrolyte looks as alternating elevations and
depressions (Fig. 3a). When the emulsion is introduced,
the geometric dimensions of elevations and depressions
grow (Fig. 3b). Similar changes have also been observed
for coatings on the aluminum alloys upon introduction of
a siloxane-acrylate emulsion into the silicate electrolyte
[10]. The influence exerted by the emulsion on the
surface morphology is similar to the effect of anion-
active surfactants [12, 13]. An additional introduction of
dispersed oxide particles into electrolytes with emulsion
makes this effect even more pronounced (Figs. 3¢ and
3d). The latter may be due both to the incorporation of
bulky particles, which is also a reason for the steep rise in
the coating thickness on passing from an electrolyte with
emulsion to the suspension-emulsion electrolyte, and also
to the increase in the formation voltage in a transition of
this kind (Fig. 2) and, consequently, to the occurrence of
more powerful electric discharges.

As follows from the data in the table, introduction of
an emulsion into the starting electrolyte in the absence
of dispersed particles results in that the thickness of the
coatings grows and their content of carbon and silicon
increases. The latter may be due to the penetration into
coatings of the emulsion and products of its destruction
under electric discharges. The presence of noticeable
amounts of carbon in the surface of coatings formed in
the starting silicate electrolyte has been noted previously
[14, 15]. Presumably, this results from the presence of
carbonates in the alkaline solution due to the absorption
of atmospheric carbon dioxide by the solution.

Additional introduction into the electrolyte, together
with the emulsion, of dispersed V,05 and B,O; particles
results in a noticeable rise in the content in the surface
layer of carbon (up to 50-65 at %), silicon (up to 6.2—
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Fig. 3.Effect of the electrolyte composition on the surface morphology of coatings on the aluminum alloy. Electrolyte: (a) starting,
(b) starting + emulsion, (c) starting + emulsion + V,Os, (d) starting + emulsion + B,0;.

Fig. 4. (a) Scanning-electron-microscopic surface images of a coating formed in the suspension-emulsion electrolyte with vanadium
oxide and (b, c) separate fragments of the surface. / and /] are the characteristic surface fragments.

6.4 at %), with a simultaneous decrease in the amount of
aluminum (to 0.4—7.1 at %). The surface-average contents
of’boron and vanadium are, respectively, 1.2 and 2.6 at %,
i.e., the surface parts of the coatings are predominantly
composed of the electrolyte components.

The data obtained on a scanning electron microscope
with an energy-dispersive attachment demonstrate that the
composition and surface profile of vanadium-containing
coatings are nonuniform, fragmentary (Fig. 4). The
surface has areas of two kinds, / and //. According to the
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Fig. 5.X-ray diffraction patterns of (a) Al,O; and (b) sample
with Al-containing coating on titanium. (20) Bragg angle.

results of the energy-dispersive analysis, the compositions
of these areas are the following (at %) (data averaged over
four areas under study):

I contains C 50.9, 0 34.9,Si9.3, V4.1,
II contains C 85.7, 0 11.8,Si2,V 0.2.

Areas Il are mostly constituted by carbon and,
possibly, by products of destruction of free emulsion
unbound to oxide particles. Areas I contain, in addition
to carbon, noticeable amounts of oxygen, silicon, and
up to 4 at % vanadium. Presumably, these are products
of thermal transformation of oxide particles—emulsion
micelles—silica conglomerates under the action of electric
discharges.

The joint presence of vanadium and silicon in type-I
areas confirms the assumption that oxide particles adsorb
from the electrolyte, together with micelles, also silicate.
It is noteworthy that areas simultaneously containing
zirconium and silicon have been observed previously
in coatings formed by the PEO method in a silicate
electrolyte with dispersed ZrO, particles [16]. That is
these elements were also jointly deposited on separate
parts of the coatings being formed.

The elemental composition of the coatings, determined
with the energy-dispersive attachment of the scanning

electron microscope and averaged over a large area
(circle in Fig. 4a) is the following (at %): C 65, O 25, Si
6, and V 3. This result is in good agreement with the data
furnished by microprobe analysis (see the table).

The thus formed coatings containing vanadium
compounds in their surface part may be of interest for
being tested as catalysts.

As already noted, the surface morphologies of the
coatings formed in electrolytes with a siloxane-acrylate
emulsion and dispersed particles of vanadium and boron
oxides are on the whole similar (Fig. 3). In both cases,
fragments protruding over planar parts are present on
the surface. However, the surface of boron-containing
coatings looks more flowed, apparently due to the low
melting point of boron oxide. Coatings of this kind may
be dense and low-porous and be of interest for tests as
protective coatings with anticorrosion properties.

Similar patterns in the composition and structure
of coatings were also observed in PEO of titanium. In
this case, the treatment was performed in a suspension-
emulsion electrolyte with added dispersed particles of
aluminum oxide (see the table).

According to the results of an XRD analysis, the
material of V- and B-containing coatings on the aluminum
alloy is X-ray amorphous, i.e., crystalline particles
introduced into the coatings are melted or destructed
under the action of electric discharges and the resulting
temperatures, with amorphous products subsequently
formed. Figure 5 shows an X-ray diffraction pattern of a
coating formed on titanium in an electrolyte with Al,O;
particles. The particles introduced have the following
phase compositions: § and a-phases of aluminum oxide.
The diffraction pattern of the coating has peaks of
the a-phase (corundum), i.e., high-melting corundum
particles are incorporated into coating partly in that state
in which they were introduced into the electrolyte.

CONCLUSIONS

Using the siloxane-acrylate emulsion as emulsifier is
promising for stabilization of dispersed oxide particles
about 1 pum in size in an aqueous alkaline electrolyte for
plasma-electrolytic oxidation (PEO). Coatings formed
on aluminum and titanium in an electrolyte of this kind
with dispersed particles of vanadium, boron, or aluminum
oxides by the PEO method contain vanadium, boron, or
aluminum oxides.
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The particles or their material is incorporated into
coatings formed by the PEO method in electrolytes of
this kind, with the surface architecture and composition
noticeably changed. The surface morphology becomes
more developed. Under the experimental conditions, the
average content of metals and nonmetals of dispersed
particles in the surface part of the coatings is about
1-2.5 at %. The V-containing coatings studied in more
detail have a fragmented structure of their surface part.
Parts mostly composed of carbon alternate with those
containing vanadium and silicon in addition to carbon.

On the whole, the experimental data obtained in
the study demonstrate that use of suspension-emulsion
electrolytes is promising for incorporation of dispersed
particles and polymers of varied nature into coatings
formed by PEO.

The strategy suggested in the study provides a
possibility in principle of forming coatings of prescribed
complex composition via simultaneous introduction into
the suspension-emulsion electrolyte of several dispersed
particles of varied nature, e.g., polymers + oxides etc.
Coatings of this kind may be of interest, depending on
the nature of particles being introduced, their relative
amounts, composition, and structure, for application as
catalysts, magnetic materials, etc.

ACKNOWLEDGMENTS

The study was supported in part by the “Far East”
program (grant no. 18-3-034).

REFERENCES
1. Jiang, B.L. and Wang, Y.M., Surface Engineering of Light

Alloys, Hanshan Dong, Ed., Oxford: Word head Publishing
Ltd, 2010, pp. 110-183.

2.

10.

I1.

12.

13.

14.

15.

16.

947

Vladimirov, B.V.,, Krit, B.L., Lyudin, V.B., et al., Surf. Eng.
Appl. Electrochem., 2014, vol. 50, no. 3, pp. 195-232.

. Pogrebnyak, A.D., Kaverina, A.Sh., and Kylyshkanov, M.K.,

Prot. Met. Phys. Chem. Surf., 2014, vol. 50, no. 1, pp. 72—
87.

. Lu, X., Mohedano, M., Blawert, C., et al., Surf. Coat.

Technol., 2016, vol. 307, pp. 1165-1182.

. Malyshev, V.N. and Zorin, K.M., Appl. Surf- Sci., 2007,

vol. 254, pp. 1511-1516.

. Karpuchenko, S.A., Shchukin, G.L., Belanovich, A.L.,

etal.,J. Appl. Electrochem., 2010, vol. 40, no. 2, pp. 365—
374.

. Wu, X., Qin, W., Guo, Y., and Xie, Z., Appl. Surf. Sci.,

2008, vol. 254, no. 20, pp. 6395-6399.

. Guo, J., Wang, L., Wang, S.C., et al., J. Mater. Sci., 2009,

vol. 44, pp. 1998-2006.

. Rudnev, V.S., Vaganov-Vil’kins, A.A., Nedozorov, PM.,

etal., Russ. J. Appl. Chem.,2012,vol. 85, no. 8, pp. 1147—
1152.

Rudnev, V.S., Vaganov-Vil’kins, A.A., Nedozorov, P.M.,
et al., Prot. Met. Phys. Chem. Surf., 2013, vol. 49, no. 1,
pp. 87-94.

Rudnev, V.S., Vaganov-Vil’kins, A.A., Yarovaya, T.P.,
and Pavlov, A.D., Surf. Coat. Technol., 2016, vol. 307,
pp. 1249-1254.

Guo, H. and An, M., Thin Solid Films, 2006, vol. 500,
pp. 186—189.

Guo, J., Wang, L.P., Wang, S.C., et al., J. Mater Sci., 2009,
vol. 44, no. 8, pp. 1998-2006.

Vovna, V.I., Gnedenkov, S.V., Gordienko, P.S., et al., Russ.
J. Electrochem., 1998, vol. 34, no. 10, pp. 1090-1093.

Rudnev, V.S., Vaganov-Vil’kins, A.A., Ustinov, A.Yu.,
et al., Prot. Met. Phys. Chem. Surf., 2011, vol. 47, no. 3,
pp. 330-338.

Matykina, E., Arrabal, R., Monfort, F., et al., Appl. Surf.
Sci., 2008, vol. 255, no. 5, pp. 2830-2839.

RUSSIAN JOURNAL OF APPLIED CHEMISTRY Vol. 91 No. 6 2018




<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /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 false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 false
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /RUS (Pfeps)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [14400.000 14400.000]
>> setpagedevice


