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Abstract The reaction route 64Ni(p,n)64Cu is very pop-

ular for the preparation of 64Cu because its entrance

channel is accessible at low energies and yield of reaction

is quite high. However, a high price of the enriched 64Ni is

a disadvantage of this reaction path; hence, preparation of a

chemically pure nickel targets for the production of 64Cu

using COSTIS (Compact Solid Target Irradiation System)

is of a great research interest. In this paper, effects of boric

acid, composition of electrolytic bath and electrochemical

process conditions on the quality of nickel films deposited

on 2 mm thick gold or platinum disc targets were investi-

gated. Chemical purity of the electrodeposited nickel was

measured by the Auger electron spectroscopy and the

surface quality of targets was studied microscopically

(SEM). A SRIM program was used for a thickness target

calculation. COSTIS target station was installed at the end

of the external beam line of the IBA Cyclone 18/9 cyclo-

tron, and the irradiation surface of target was optimized.

The target station has been equipped with Al or Nb window

foil in the front of the target to degrade the beam energy to

an optimal value.

Keywords PET � Solid target � 64Ni � 64Cu � Cyclotron

Introduction

Increase of production of the radiopharmaceuticals labeled

with 64Cu can be seen in the last years. This interest

is related to physical properties of 64Cu (T1/2 = 12.7 h;

b- 37.1%, b? 17.9%) and easy radiopharmaceuticals

preparation. 64Cu can be used for both the therapeutic (b-)

and for a diagnostic (b?) PET applications. For example,
64Cu was used for hypoxia tumor diagnosis [1], for labeling

of peptides for diagnostic and therapy of non-oncological

illnesses [2] and other cases.

The demand for 64Cu is on the increase because it allows

for its production with high specific activities and high

yields of 64Cu using typical biomedical cyclotrons

(11–18 MeV proton energy ranging). The commercial

companies have started to develop a devices for auto-

mated 64Cu production, for example Syntera Cu-64 (IBA,

Belgium) [3] or Alceo metal light (Comecer, Italy) [4].

There are more reaction routes for 64Cu production,

for example 64Zn(d,2p), 66Zn(d,a), 68Zn(p,an), 64Zn(n,p),
64Ni(d,2n), 64Ni(p,n). However, the 64Ni(p,n) is very suit-

able due to the large cross-section for energy of protons

which can be easily reached in small biomedical cyclotrons.

Although some radiochemical impurities are caused by the

competitive reaction 64Ni(p,a)61Co (3%), they are insig-

nificant since 61Co has a short half-life (1.6 h). The target

material may contain also a small amount of other radio-

chemical impurities namely, isotopes produced by the

reaction (57Ni, 55–58Co). Elimination of these impurities is

possible using highly enriched 64Ni.

Production of 64CuCl2 can be described in these steps:

• Preparing of a target by electrodeposition—a galvano-

static or potentiostatic electroplating of Ni on thick gold

or platinum target
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• irradiating the target

• dissolving of a target material and separation of (64Ni)

and 64Cu

• preparing of a 64CuCl2 solution

The aim of this study was development an electroplating

method for preparation of a nickel target suitable for

COSTIS assembly. The desired product is a thick layer of

metalic nickel on a gold disc.

Materials and methods

All chemical compounds used in this study were obtained

from ApplyChem without further purification. Considering

a high price of enriched 64Ni, the optimization of the

electroplating method for target preparation was realized

using a natural Ni. It is planned that experiments will

continue with enriched 64Ni ([99 %) and high purity

chemicals due to guarantee the maximal radiochemical

purity 64Cu.

Electroplating of Ni was realized using electroplating

cell made of PEEK (Polyether ether ketone) material. The

gold disk (2 mm of thickness 9 24 mm of diameter) was

used as a cathode and Pt wire was used as an anode. Sat-

urated calomel electrode was used as a reference electrode

in the case of potenciostatic method. The PARSTAT

(Princeton Applied Research USA) was used for galvano-

static, potentiostatic and pulse electroplating. The electro-

plating was performed with a model solution containing

NiSO4, H3BO3 and NH4Cl with pH adjusted to 9 with 25%

NH4OH. A volume of model solution was 6 mL containing

100 mg of nickel.

Another set of experiments was performed with a model

solution containing 0.5 g NiSO4�6H2O and 0.056 g H3BO3

in 5 mL H2O. This solution was called ‘‘all-sulfate solu-

tion’’, since it contained no chloride anions. The pH values

of this solution before and after electrodeposition are pro-

vided in Table 1.

Electrodeposition was performed in galvanostatic mode

at current 10–100 mA. Electroplating was accomplished

within 1.5–12 h. A thickness of Ni layer was determined

by calculation after weighing of Ni on a disk for 1.13 cm2

area. A quality of surface layer was examined by SEM

(scanning electron microscope).

COSTIS target station was installed at the end of the

external beam line of the IBA Cyclone 18/9 cyclotron. The

target station has been equipped with 300 lm Nb window

foil in the front of the target to degrade energy to energy

for nuclear energy less than 14 MeV. The homogeneous

beam with area of 1.2 cm2 with of 5 lA proton and energy

less than 14 MeV was applied. Since the external beam line

of the cyclotron has no beam diagnostic devices, several

aluminum plates were irradiated in the COSTIS target

station with 5 lA proton beams for 5 min with different

settings for the beam focusing quadruple magnets. After

15 min decay time the plates were scanned by a TLC

scanner miniGita (Raytest) along the horizontal and verti-

cal central axes of the plates in order to visualize the beam

shape Fig. 1. The settings providing the most homogeneous

beam spot on the target was selected and will be used

further for the real target irradiations.

Results and discussion

Target thickness

SRIM program was used for calculation a thickness target

optimization needed to the maximal using of protons with

energy 12 MeV. It was found that thickness 120 lm Ni

is needed to decrease energy from 12 to 9 MeV. This

thickness represents 120 mg Ni for surface area 1.2 cm2.

Figure 2 shows the dependence of energy of protons on the

target thickness.

We put the accent on the simplicity of electrolyte.

A Watts bath is commonly used in the plating industry.

Table 1 The effect of amount of boric acid in the sulfate-only

electroplating solution on the quantity of electroplated nickel

m NiSO4�6H2O [g in 5 mL of H2O] 0.5 0.5 0.5

m H3BO3 [g in 5 mL of H2O] 0.059 0.118 0.235

n H3BO3:n NiSO4 0.5:1 1:1 2:1

pH before electroplating 4.6 4.33 3.96

pH after electroplating 1.28 1.30 1.26

m electroplated Ni [mg] 25 24 26
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Fig. 1 Beam profile measured on Al disk; Nb window 300 lm
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A typical Watts bath contains nickel sulfate, nickel chlo-

ride, and boric acid. Each component of the Watts for-

mulation performs a very important and necessary role in

the production of satisfactory deposits. We tried to elec-

troplate Ni from both the chloride and sulfate baths. There

was found no difference in amount of electroplated nickel,

but the complexation of Ni by chloride anions caused that

Ni layer was more adhesive to the gold target.

Influence of boric acid

A favorable influence of H3BO3 on the nickel electroplating

is well-know from literature [5–7]. Boric acid plays a dual

role; it acts as a small molecule surfactant, which adsorbs

on the surface of the cathode, and it also buffers the

hydrogen ion concentration in the cathode film. If it is not

present, the cathode film pH in the higher current density

regions very quickly exceeds 6.0 and nickel hydroxide is

precipitated and co-deposited along with hydrogen, result-

ing in a green nodulation or burned deposit. It means that

the concentration of boric acid defines which of the three

types of nickel deposit is produced: metallic nickel (Fig. 3),

a green powder (a mixture of nickel oxide and nickel

hydroxide) and a black powder (nickel oxohydroxide) [8].

A low boric acid concentration results in the surface pitting

or roughness in high current density regions. Boric acid,

therefore, plays a very important role in establishing the

upper limits of the applied current density. Zech and

Landolt [6] proposed a mechanism of the buffering activity

of H3BO3 as a two-steps process:

B(OH)3 þ H2O$ B(OH)�4 þ Hþ ð1Þ

3B(OH)3 $ B3O3ðOHÞ�4 þ Hþ þ 2H2O ð2Þ
We have investigated two ways of electroplating of

nickel: while one solution contained both the nickel sulfate

and boric acid, the second one contained only NiSO4. It

was a noticeable difference in quality of the target surface

prepared in the absence and presence of H3BO3. Absence

of boric acid resulted in a high surface roughness and

pitting of the nickel target surface. 2 mm gold discs were

used as a support material for a target preparation.

Developing a method for nickel electroplating, two

important factors should be considered. The first factor is

the quality the electroplated film of metal: both the perfect

surface of the deposited nickel layer and its thickness

suitable for the proton irradiation are desirable.

The second factor, and not less important, is a quanti-

tative electrodeposition of very expensive 64Ni. The

quantity of 64Ni deposited on disk can be calculated by

equation according to the Faraday’s law:

m ¼ 0:33ðbÞðIÞðtÞ

where: m is the amount of nickel deposited at the cathode

in milligrams; I is the current that flows through the plating

cell, in miliamperes; t is the time that the current flows, in

second; and b is the current efficiency ratio (unitless) for

the reaction of interest. In almost all cases, the anode

efficiency is 100% (a = 1). For the surface of 1.2 cm2 as

used in the experiments, approximately 1 mg deposited Ni

is equal to the layer of 1 lm.

In Table 1 the influence of the sulfate-only electrolyte

composition on quality and quantity of Ni surface was

studied. The bath contains NiSO4�6H2O 0.5 g and (i)

0.056 g H3BO3, (ii) 0.118 g H3BO3, (iii) 0.235 g H3BO3 in

5 mL H2O. Electroplating was realized by a current of

30 mA during 2 h.

As can be seen in Table 1, even fourfold increase of

boric acid concentration in the sulfate-only nickel solution

has no effect on the amount of plated nickel.

Fig. 2 Dependence of energy losses on thickness of Ni layer

Fig. 3 The surface of the gold disk coated with Ni from the 0.5 g

NiSO4�6H2O ? 0.05 g H3BO3 in 5 mL H2O, pH 4.5, after 2 h,

current 30 mA

Table 2 The quantity of elec-

troplated nickel depending on

time

Electrodeposition

time (h)

Mass of the

electroplated

Ni (mg)

1 16

3 10

5 5

24 0
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Auger spectroscopy

After a target irradiating, the targets was dissolved in 6 M

HCl. However, it was found that if target is put into a

concentrated HNO3, the Ni layer doesn’t dissolve, but it

splits from the gold cathode as a thin film, without a weight

loss of Ni. This fact allows investigating the Ni-films

obtained in this way by Auger spectroscopy.

An Auger electron spectrum of nickel films is shown in

Fig. 4. After the thin layer surface removal with Ar gun from

this thick Ni-film only peaks typical for Ni were observed.

The Auger electron spectrum for top side of the nickel

film does contain the boron peak neither before nor after a

surface removal. It confirms that boron does not occur in the

whole thickness of the Ni film. Boron has been found only

on bottom surface of the Ni film and it confirms that boric

acid acts as a surfactant, forming a cathode surface layer.

Efficiency of electroplating

We also focused on a quantitative plating of Ni on a gold

target. The high efficiency of nickel electroplating is

required considering a high cost of target material. We used

Watts nickel plating solution which is most popular nickel

electroplating solution. The electroplating in this solution

should carry on at pH = 1.5–4.0 [9]. The initial pH before

electroplating was 4.6. However, during a 2-h electroplating

pH decreased to 1.4. It is caused by the electrochemical

reactions, undergoing in the system. Table 2 shows the

decrease in quantity of electroplated nickel as a function of

time. The electrolyte contained 111 mg Ni. After 24 h,

31 mg (28%) was deposited on a gold target. If pH is very

low (1.2–1.4), a vast majority of current is consumed on the

hydrogen evolution reaction (HER) on a cathode.

Therefore, it was decided to adjust pH of the bath to 9 with

25% ammonium hydroxide according to study by McCarty

et al. [10]. Our bath, containing 0.5 g NiSO4�6H2O, 0.056 g

H3BO3 and 0.5 g NH4Cl in 5 mL H2O, was brought to pH 9.

Simultaneously, NH4Cl/NH4OH buffer [4] was added to

keep pH at 9 during the whole electrodeposition process. As

the electroplating process continued, the color of the elec-

trolytic bath turned from dark blue to colorless. The full loss

of color indicates that electrodeposition is finished. The

efficiency of electroplating in this bath was 96%.

The dependence in Fig. 5 shows the exponential

decrease of the nickel concentration in the bath during the

Fig. 4 AES spectrum-top

of nickel layer after a thin

surface removal

Fig. 5 Decrease of nickel in the bath during the electrodeposition
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electrodeposition. After 6 h, the deposition is completed

with an operating current of 30 mA. If the current is

increased to 100 mA, a deposition is completed in 1.5 h.

We were interested in the influence of the current density

on the quality of Ni layer. Figures 6 and 7 obtained by

SEM show the structure of Ni layer. The difference of

current used on the nickel surface is that the higher current

is causing more roughness surface with a shape like

cauliflower.

At pH 9, electrodeposition of nickel proceeds according

to the mechanisms proposed by Davison and Harrison [11]

and Philip and Nicol [12], see Reactions 3–5:

Ni(NH3Þ2þn þ e! Ni(NH3Þþm þ ðn� mÞNH3 ð3Þ

Ni(NH3Þþm ! Ni(NH3ÞmðadsÞþ ð4Þ

Ni(NH3ÞmðadsÞþ þ e! Ni0 þ mNH3 ð5Þ

The mechanism of electrochemical reduction of atomic

nickel from chloride medium in the presence of ammonium

chloride was studied by Cruz-Gaona and Dreisinger [13],

who explained the nickel electrodeposition at the cathode

from ammonia-ammonium chloride solution by the

reaction (6):

Ni(NH3Þ2Cl2 þ 2e� ! Ni0 þ 2NH3 þ 2Cl� ð6Þ

By using the program Medusa (available free-of-charge

from http://www.kemi.kth.se/medusa/), a distribution dia-

gram for the Ni-speciation versus pH of was constructed

(Fig. 8). It is very similar to the diagram reported by

Grujicic and Pesic [14]. There are three pH regions in

Fig. 8. The first region (0–7.5) is characterized by sulfate

complex. From pH 7.5 to 12, there are nickel ammonia

complexes (NiNH3
2? to Ni(NH3)6

2?), and the last one is the

region of nickel hydroxide as stable species.

Conclusion

The preparation of a nickel target was studying using a

natural nickel. The bath containing NiSO4, H3BO3 and

NH4Cl (pH 9) was chosen as a model electrolyte for

electrochemical experiments. Cyclic voltammetry with

three-electrode connection was utilized to characterize this

system. The electrolytic cell with agitation and heating

was constructed and the potentiostatic and galvanostatic

target preparing experiments were performed. The quality

of nickel layer was verified by Auger spectroscopy and

Fig. 6 Ni surface on gold disk in 9500 SEM (electroplating by

30 mA)

Fig. 7 Ni surface on gold disk in 9500 SEM (electroplating by

100 mA)
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SEM. It was found that the nickel layer prepared by the

method examined in this paper contains only nickel with-

out impurities of other elements present the electrolytic

solution. The influence of boric acid on the quality of target

was investigated and its amount was optimized.
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5. Šupicová M, Rozik R, Trnková L et al (2006) Influence of boric

acid on the electrochemical deposition of Ni. J Solid State

Electrochem 10:61–68

6. Zech N, Landolt D (2000) The influence of boric acid and sulfate

ions on the hydrogen formation in Ni–Fe plating electrolytes.

Electrochim Acta 45:3461–3471

7. Loar GW (2008) Nickel plating, products finishing magazine
�Gardner Publications, Inc.; available at: http://www.pfonline.

com/articles/pfd0015.html

8. Njaw KN, van der Woude ME, Rutgers-van der Steen K et al

(1999) 5th European symposium on electrochemical engineering:

161

9. Kopeliovich D Nickel electroplating. http://www.substech.com/

dokuwiki/doku.php?id=nickel_electroplating

10. McCarthy DW, Shefer RE, Klinkowstein RE et al (1997) Effi-

cient production of high specific activity copper-64 using a bio-

medical cyclotron. Nucl Med Biol 24:35–43

11. Davison W, Harrison JA (1972) The reduction of aqueous nickel

ammine complexes. J Electroanal Chem 36:399–410

12. Philip HI, Nicol MJ (1976) The electrodeposition of nickel from

ammoniacal solutions, project report no. 1804. National Institute

for Metallurgy, Randburg

13. Cruz-Gaona R, Dreisinger D (2003) Study of the cathodic pro-

cesses during the nickel electrowinning from ammonia-ammo-

nium chloride solutions. In: Electrochemistry in mineral and

metal processing VI. The Electrochemical Society, New Jersey

14. Grujicic D, Pesic B (2006) Electrochemical and AFM study of

nickel nucleation mechanisms on vitreous carbon from ammo-

nium sulfate solutions. Electrochim Acta 51:2678–2690

670 P. Rajec et al.

123

http://dx.doi.org/10.1016/j.apradiso.2009.08.010
http://www.pfonline.com/articles/pfd0015.html
http://www.pfonline.com/articles/pfd0015.html
http://www.substech.com/dokuwiki/doku.php?id=nickel_electroplating
http://www.substech.com/dokuwiki/doku.php?id=nickel_electroplating

	Preparation and characterization of nickel targets for cyclotron production of 64Cu
	Abstract
	Introduction
	Materials and methods
	Results and discussion
	Target thickness
	Influence of boric acid
	Auger spectroscopy
	Efficiency of electroplating

	Conclusion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


