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Abstract—This paper presents the design and numerical
simulation of a T-shape microfluidic electroosmotic micromixer.
It is equipped with six microelectrodes that are embedded in the
side surfaces of the microchannel. The electrode array consists of
two sets of three 20 pm and 60 pm microelectrodes arranged in
the form of two opposing triangles. Numerical analysis of electric
potential and frequency effects on mixing efficiency of the
micromixer is carried out by means of two sets of simulations.
First, the electric potential is kept at 2 V while the frequency is
varied within 10-50 Hz. The highest achieved mixing efficiency is
96% at 22 Hz. Next, the frequency is kept at 30 Hz whilst the
electric potential is varied within 1-5 V. The best achieved mixing
efficiency is 97% at3 V.

Keywords—microfluidics, micromixer, electroosmotic flow,
mixing efficiency

L INTRODUCTION

In recent years, development of microfluidic lab-on-a-chip
systems has provided opportunities to create novel self-
regulated implantable drug delivery systems to maximise the
efficiency of drug therapies. Fluid mixing is an important task
that is incorporated in a microfluidic drug delivery system.

Fluid mixing in microfluidic devices [1] is typically
influenced by diffusion phenomenon. Micromixers are
therefore employed to enhance the mixing rate in different flow
rates within a wide range of physical characteristics of bio-
particles and solutions. The micromixers can be generally
categorised into two groups: passive and active. In passive
mixers, neither moving parts nor energy injectors are utilised.
In active mixers, on the other hand, an actuator or an energy
source is employed to agitate the solution.

Electrokinetics [2] generally involves the study of liquid or
particle motion under the action of an electric field. It includes
electroosmosis, electrophoresis, dielectrophoresis, and electro-
wetting. Electroosmotic flow is a method for mixing in
microfluidic and nanofluidic systems. Electrodes are
incorporated in these devices in order to agitate the solution.
Electrokinetic micromixers have been discussed in [2-5].

This paper presents the design and numerical simulation of
a T-shape microfluidic electroosmotic micromixer equipped
with six microelectrode arrays. Numerical analysis of electric
potential and frequency effects on mixing efficiency of the
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micromixer is carried out by means of two sets of simulations.
The results are presented and discussed.

The paper is organised as follows. Section II presents the
formulas governing the problem. Section III describes
principles of the proposed micromixer, its geometry, and the
governing equation. Section IV describes the simulation
results, presents the calculated mixing -efficiencies, and
discusses the performance of the mixromixer under various
electric potentials and frequencies. Finally, the concluding
remarks are given in Section V.

II.  THEORETICAL CONCEPTS

The motion of the mixing fluids is governed by the
equations of continuity and momentum, as given below. Here,
the momentum equation contains a source term, which imposes
the electroosmotic forces to the flow:

V-V =0 (1)

p%wﬁ-vﬁ:—vmyvzﬁ—pg}s )

where V is velocity, t is time, P is pressure, p is density, y is
dynamic viscosity, and E is electric field. Here, p. represents
the charge density within the flow that is obtained from the
following equation, [6-7].

pe = 2.5 V2y 3)

where &, is the vacuum permittivity and ¢ is the relative
permittivity of the fluid, and y is the local concentration of the
electric potential within the flow. y is governed by the
Poisson-Boltzman differential equation as below:

4

where « is the Debye-Huckel parameter that is the inverse of
the electric-double-layer (EDL). Solving this equation implies
that w decays exponentionally getting off the microchannel

surfaces as below:

Vi =xly

v ={p exp(-Ky) ®)
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where ¢, is the zeta potential that determines the electric

potential of the fluid at the microchannel surface. In this work,
Cp istakenas-0.1V.

Calculating the velocity field of the mixing flows, the local
concentration of the species is obtained by solving the equation
of mass transport, as given below:

%CH"/-VCZDVZC (6)

where C is the local concentration of species. Solving
Equations (1-6), the distribution of velocity, pressure and
concentration of species is obtained in the microchannel.

III.  PROPOSED MICROMIXER

The proposed active mixer includes a T-shape
microchannel, where two fluids enter the lower and upper 50
um wide inlet channels, and then enter a 100 um wide mixing
channel. The mixing channel is equipped with six
microelectrodes embedded in the surface of the microchannel.
The electrode array consists of two sets of three 20 pm and 60
um long microelectrodes that are arranged in two opposite
triangles. More information about the geometry of
microchannel and the configuration of the microelectrodes can
be seen in Figure 1.

50 Hm
—
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1000 pm ‘ 1 100 pm

—r o

601m 20 pm

Figure 1. The geometry of the proposed micromixer.

Computational Fluid Dynamics (CFD) method is applied to
simulate the micro-mixers. A number of 1479 unstructured
elements were applied to discriticise the control volume of the
micromixer , as shown in Figure 2. The density of the elements
is constant alongside the channel walls and electrodes location,
as well as within microchannel.

The physical properties of the fluids can be categorised into
thermophysical and electrical. The thermophysical properties
that are density, dynamic viscosity, and diffusion coefficient
are selected as 10° kg/m’, 107 Pa.s, and 107" m%s, respectively.
The electrical properties that are conductivity and relative
permittivity are chosen as 12x107 S/m, and 81, respectively.

The flow enters the lower and upper inlets at 10 m/s. The
concentration of the solution for the lower and the upper inlets
are selected as 0 and 1 respectively.

Figure 2. 1479 unstructured elements were applied to discriticise the control
volume of the micromixer.

The frequency of the signal applied to the microelectrode
array varies within 10 to 50 Hz, while the applied electric
potential varies within 1 to 5 V. The 20 um electrodes receive a
negative polarity, while the 60 pm electrodes receive a positive
polarity as shown in Figure 3.

Figure 3. The 20 um electrodes receive a negative potential while the 60 um
electrodes receive a positive potential. The magnitude of the electric potential
at the displayed contour is 3 V across the electrodes.

IV. NUMERICAL SIMULATIONS

In order to study the performance of the developed
electroosmotic micromixer, two sets of experiments were
carried out as described in the following.
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A. Experiment 1

In the first set of experiments, the magnitude of the applied
electric potential across the electrodes was kept constant at 2 V
whilst the applied frequency was varied within the range of 10-
50 Hz with a 10 Hz increment. Figure 4 displays the
concentration distribution of the solution. The contours are
coloured according to the concentration of the flow, with red as
the maximum and blue as the minimum. The green corresponds
to the middle concentration representing the perfect mixing.

The upper inlet is fed with maximum concentration while
the lower one with minimum. Before the flow comes across the
first electrode, the mixing is limited to the interface of the
upper and the lower flows. At this region, the mixing is
performed by pure diffusion, and a low mixing is resulted.
Once the flow passes the first electrode, it is affected by the
electroosmotic disturbances caused by the electric field. The
induced instability is proportional to the applied frequency. At
the frequency of 10 Hz, there is a poor mixing adjacent to the
microchannel surfaces. Increscent of frequency resulted in an
improvement of the mixing at the boundary layer regions of the
micromixer.

B.  Experimet 2

In the second set of experiments, the applied frequency was
kept constant at 30 Hz whilst the applied electric potential was
varied within the range of 1-5 V with a 0.5 V increment. Figure
5 illustrates the concentration distribution of the solution. The
induced instability is proportional to the applied electric
potential within 1 to 3 V. Increasing the magnitude of the
electric potential beyond this range disturbs the mixing, as
shown in the bottom image. The induced electric energy seems
to be so great making the flow turbulent. In this case, the flow
can no longer be simulated by the laminar form of Navier-
Stokes equations.

In order to evaluate the performance of the electrokinetic
instability micromixer, the mixing efficiency is calculated
across the outlet port using the following equation:

_[ Pe ue|ce—cw|dA
utlet

nlets

n= x100%  (7)

where c., U, p. are the concentration, velocity and density at
the outlet port of the micro-channel, while c;, u;, and p; are
those at the inlets and c, is the infinite fully mixed
concentration.

The equation was basically introduced in [8]; however the
mass fluxes are included in the integration to represent the
velocity distribution across the mixing channel as proposed in
[9]. In this manner, the middle regions of the channel appear
more decisive compared to the boundary layer regions.

The mixing efficiencies that were calculated in the two set
of experiments are depicted in Figures 6-7. Polynomial curves
are fitted on the calculated values.
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Figure 4. The concentration distribution of the solution under the constant
electric potential of 2 V and the frequency range of 10-50 Hz.
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Figure 5. The concentration distribution of the solution under the constant
frequency of 30 Hz and the electric potential range of 1-4 V.
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Figure 6 illustrates the variations of the mixing efficiency
for the first set of experiments. As can be seen, the mixing
efficiency increases sharply within the range of 10 to about 22
Hz. It then decreases smoothly beyond the peak point at about
22 Hz. At this frequency, the mixing efficiency of 96% is
achieved. This is because, at the specific electric potential of 2
V, the flow does not get enough time to absorb the disturbances
of the frequencies beyond 22 Hz. It is why poor mixing is
achieved at the boundary layer regions as shown in Figure 4.

Figure 7 shows the variations of the mixing efficiency for
the second set of experiments. As can be seen, the mixing
efficiency increases smoothly within the range of 1 to 3 V. As
described before, increasing the electric potential beyond 3 V at
the specific frequency of 30 Hz disturbs the flow field and the
results are not physically explainable. The maximum mixing
efficiency was found to be 97%.
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Figure 6. Variation of mixing efficiency over the frequency range of 10-50 Hz
and the constant electric potential of 2 V, corresponding to Figure 4.
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Figure 7. Variation of mixing efficiency over the electric potential range of 1-
3 V and the constant frequency of 30 Hz, corresponding to Figure 5.



A direct comparison of the performance of the described
work against similar existing electroosmotic micromixers was
not possible due to the fact that the reported existing
approaches have not been found carrying out numerical
simulation to the extent performed in this study.

The achieved mixing efficiency is considered to be a good
outcome for our micromixer that has a simple structure. The
applications of such a micromixer are numerous. In particular,
it can be employed as the microfluidic component of lab-on-a-
chip systems.

V. CONCLUSIONS

An active electroosmotic micromixer that is equipped with
six microelectrode array was presented in this paper. The
electrode array includes a set of three 20 pm and a set of three
60 um long microelectrodes. The 20 pum electrodes receive a
negative potential while the 60 um electrodes receive a positive
potential. The behaviour of flow was simulated by means of the
computational fluid dynamics method. Two sets of experiments
were carried out. First, the magnitude of the applied electric
potential across the electrodes was kept at 2 V whilst the
applied frequency was varied within 10-50 Hz. The mixing
efficiency increased sharply within the range of 10 to about 22
Hz, then decreased smoothly beyond 22 Hz. At 22 Hz, the
mixing efficiency was 96%. Next, the applied frequency was
kept constant at 30 Hz whilst the applied electric potential was
varied within 1-5 V. The mixing efficiency increases smoothly
within the range of 1 to 3 V. Beyond 3 V at 30 Hz the flow

field is disturbed. The maximum mixing efficiency achieved
was 97%. The mixromixer possesses a simple structure and is
affordable justifying its usability in lab-on-a-chip devices for
various medical purposes.

REFERENCES

[1] C.Yi, C-W. Li, S. Ji, and M. Yang, "Microfluidics technology for
manipulation and analysis of biological cells," Analytica Chimica Acta,
2006, 560, 1-23.

[2] C.F. Poole, The essence of chromatography, Elsevier, 2003.

[3] L Glasgow, J. Batton and N. Aubry, "Electroosmotic mixing in
microchannels," Lab Chip, 2004, 4, pp. 558-562.

[4] C. C. Chang, R. J. Yang, "Electrokinetic mixing in microfluidic
systems," Microfluid Nanofluid, 2007, 3, pp. 501-525.

[5] T. Sun, N.G. Green, S. Gawad and H. Morgan, "Analytical electric field
and sensitivity analysis for two microfluidic impedance cytometer
designs," IET Nanobiotechnol., 2007, 1, (5), pp. 69-79.

[6] X. Xuan and D. Li, “Electroosmotic flow in microchannels with
arbitrary geometry and arbitrary distribution of wall charge”, Journal of
Colloid and Interface Science, 2005, 289, 1, 291-303

[7] Pennathur S, Santiago JG., “Electrokinetic transport in nanochannels. 1.
Theory”, Anal Chem., 2005, 1;77, 21, 6772-81

[8] N. L. Jeon, K. W. Dertinger, D. T. Chiu, L. S. Choi, A. D. Stroock, G.
M.Whitesides, "Generation of solution and surface gradients using
microfluidic systems", Langmuir 16(22), 2000, pp. 8311-8316.

[9] A. Maha, D. O. Barrett, D. E. Nikitopoulos, S. A. Soper, M. C. Murphy,
"Simulation and design of micro-mixers for microfluidic devices," in
MicroFluidics, BloMEMS, and Medical Microsystems II, 2003.

4767




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /BaskOldFace
    /Batang
    /Bauhaus93
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /EstrangeloEdessa
    /FootlightMTLight
    /FreestyleScript-Regular
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Impact
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /KristenITC-Regular
    /KuenstlerScript-Black
    /KuenstlerScript-Medium
    /KuenstlerScript-TwoBold
    /KunstlerScript
    /LatinWide
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSansUnicode
    /Magneto-Bold
    /MaturaMTScriptCapitals
    /MediciScriptLTStd
    /MicrosoftSansSerif
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MS-Mincho
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NuptialScript
    /OldEnglishTextMT
    /Onyx
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Parchment-Regular
    /Playbill
    /PMingLiU
    /PoorRichard-Regular
    /Ravie
    /ShowcardGothic-Reg
    /SimSun
    /SnapITC-Regular
    /Stencil
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /TempusSansITC
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanMTStd
    /TimesNewRomanMTStd-Bold
    /TimesNewRomanMTStd-BoldCond
    /TimesNewRomanMTStd-BoldIt
    /TimesNewRomanMTStd-Cond
    /TimesNewRomanMTStd-CondIt
    /TimesNewRomanMTStd-Italic
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZapfChanceryStd-Demi
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /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 /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /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 1200
  /MonoImageMinResolutionPolicy /OK
  /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 (Use these settings to create PDFs that match the "Recommended"  settings for PDF Specification 4.0)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


