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Abstract: This work is concerned with the use of reverse current regimes in
order to form small-grained and compact silver deposits during the electro-
refining process. Several parameters were varied, i.e., i) anodic overpotential,
ii) cathodic vs. anodic time ratio and iii) duration of the anodic pulse. After
optimization of these parameters, phosphate ions were added and the electro-
lyte was stirred. The effects of a rise of the anodic overpotential on the grain
sizes of the silver deposit and compactness were studied. Prolongation of the
anodic time had a similar influence but with a decrease in current efficiency.
An increase of the cathodic vs. anodic time ratio caused an enlargement of the
grains and a decrease in the compactness of the deposit. Optimal mor-
phological characteristics were obtained when PO3 were added and the elec-
trolyte was stirred.

Keywords. silver; reverse current; electrorefining; nitrate solution; electro-
deposition.

INTRODUCTION

Morphology, which depends on kinetic parameters of the electrodeposition
process, overpotential and current density, is considered to be one of the most
important features of electrodeposited metals. Traditionally, silver produced by
electrorefining from nitrate electrolytes is of dispersed shape (mostly dendritic
and spongy).1 Compact and technically applicable metals are produced by a fur-
ther smelting/casting procedure.2

In order to explain why silver deposits are preferentially dendritic, both elec-
trochemical and crystallographic aspects were considered. Granular deposits of
high porosity at lower overpotentials and dendrites at higher ones are the result of
the high value of the silver exchange current density (low j/jo ratio).3 On the
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other hand, non-compact silver layers are formed due to hindered nucleation.
Markov et al.4 showed the existence of a wide nucleation exclusion zone near
each nucleus growing on a foreign substrate, and Milchev® the same in the case
of silver. The generation and growth of nuclei is followed by the formation and
growth of the nucleation exclusion zones. As aresult, the nucleus surface density
islow and hence rough and uneven deposits are formed during further growth.

Normally, direct formation of compact silver deposits is preferable. This
leads to a simpler and cheaper electrorefining process as well as a higher level of
purification. In previous papers,>~ it was shown that the addition of small
quantities of phosphate ions, PO3, and stirring of the nitrate electrolyte, created
conditions favorable for compact and small-grained silver deposits. This is pro-
bably leads to a maximum of the steady-state el ectrolysis conditions.

Another approach to improve the morphology of silver deposits is the appli-
cation of reverse current regimes, which results in the dissolution of dendrites
and a smoothing of the deposit during the anode pulse at the working electrode,®
and a decrease of the size of the nucleation exclusion zone;’ hence, compacter
silver deposits are to be expected.

The main goal of this work was to examine how the reverse current regimes
affect the morphology of silver deposits. This involved the selection of the ap-
propriate cathodic and anodic overpotential, cathodic vs. anodic time ratio and
the duration of the anodic pulse. Simultaneously, the effect of stirring and the
addition of phosphate ions were also studied.

EXPERIMENTAL

In order to determine the reference state, silver was deposited by direct current electro-
lysis at =80 mV, as explained elsewhere.® The investigation continued with reverse current
electrolysis, with variation of severa parameters, i.e., i) the anodic overpotential 77, was va-
ried between 40-160 mV, ii) the cathodic vs. anodic pulse duration 7.:7,, was 8:1, 4:1 and 2:1
and iii) the duration of the anodic pulse 7, (2 and 4 s). All variations were investigated both
with and without stirring of the electrolyte and/or addition of PO? .

Electrodeposition was performed in an electrochemical cell consisting of Ag wires (0.5
mm) for both the working and reference el ectrode and an Ag plate with a much higher surface
area as the counter electrode. The electrolyte contained 0.50 M AgNO; and 1.17 M NaNOs,
with a further 0.060 M H3;PO, added when required. All chemicals were of p.a quality, and
redistilled and deionized water was used. Both stationary and stirred electrolytes (magnetic
stirrer, 400 rpm) were tested. The electrochemical cell was connected with an AMEL electro-
chemical line (Potentiostat/Galvanostat 2053 and programmable generator 568) and a gas-pu-
rification line. All experiments were performed at room temperature.

The obtained silver deposits were examined and documented by a scanning electron
microscope (SEM), Hitachi 2000 Delta instrument.
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MORPHOLOGY OF SILVER ELECTRODEPOSITS 281

RESULTS AND DISCUSSION
Rever se vs. steady-state el ectrodeposition

In the preliminary stage, the experiments were aimed at demonstrating the
differences between the silver deposits produced by d.c. and those by obtained by
reverse current electrodeposition at the same cathodic overpotential. The anodic
overpotentia in the case of the reverse electrodeposition was randomly chosen
and further optimized. Determination of the optimal anodic overpotential will be
discussed in the following section. A comparison of the morphology is given in
Fig. 1. It is obvious that, in both cases, the crystals possessed an FCC-type
lattice. The grains were a combination of cube—octahedron, i.e., cubic crystals
with modified corners (see Fig. 2). During the steady-state electrodeposition,
some other morphological forms developed as well, e.g., twinned grains (A in
Fig. 1) and spira-like crystals (B in Fig. 1). At the edge of the electrode, den-
dritic growth started (C in Fig. 1). The morphology of the deposit was hetero-
geneous and non-compact even at the optimal overpotential for d.c. electrodepo-
sition. The opposite, i.e., homogeneity in size and shape, was produced when
current reversal was applied (Fig. 1c). The crystal grains were cubic with modi-
fied corners and smaller than in the previous case.

\ T R0 v

Fig. 1. Silver electrodeposits produced in 0.50
M HNOs; + 1.17 M NaNOg: a) steady-state
electrodeposition at 77 = =70 MV, Tyeposition =
=10 min, b) the same asinaat 7. =-80 mV,
c) reverse electrodeposition 77, = —80 mV,
Na=80 MV, 7, = 211, 7, = 2 MS, Tyeposition =
= 10 min; magnification: x100.
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Fig. 2. Transitional shapes from cubic to octahedral: a) initial stage of the modification of the
cubic corners, b) and c) different variants of cubic-octahedra, d) octahedral.

During steady-state electrodeposition, the number of nuclei increases, reach-
ing saturation after a certain time (10-100 ms), after which there is no further
nuclei formation and only crystal growth occurs. The number of nuclel in the
stationary state depends only on the applied overpotential/current density. In the
case of the reverse electrodeposition regime, due to the short time of the cathodic
pulse, there is no saturation of nuclei formation. After any cathodic pulse, the
number of nuclei increases and this contributes to the formation of smaller grains
than in the case of steady-state deposition. It should also be mentioned that dis-
solution of the surface layer occurs during the anodic pulse. This layer contains
larger grains and other morphological forms, especialy dendrites. As a result of
dissolution, a layer with uniform size and shape of grainsis formed. The cycle of
aternating deposition/dissolution contributes to formation of homogeneous, small-
-grained and compact deposits.

Variation of ng and 1¢:t4

Thefirst step in the optimization of the parameters of reverse current electro-
deposition was an investigation of the influence of the anodic overpotential 7,
and the ratio of duration of cathodic vs. anodic pulse 7: 7,

In a previous study,8 a value of cathodic overpotential of —80 mV was found
to be the most suitable, providing the best balance between nucleation and the
crystal growth process. Thus, this value was adopted as the value for the cathodic
overpotential of the reverse electrodeposition. During the cathodic pulse, depo-
sition of silver occurs as in the case of steady-state electrodeposition but, due to
the short duration (shorter than 10 ms), saturation of the nucleation processis not
achieved, i.e., the same quantity of metal is dispersed over a larger number of
nuclei and, consequently, a small-grained deposit is produced.

On the other hand, during the anodic pulse, several processes occur, such as.
i) dissolution of al crystals, preferentially at places where the exchange current
density jo is the highest and ii) the splitting off of the crystals weakly bound onto
the substrate, especially of larger crystals and dendrites.

The sites of the removed crystals or dendrites are suitable for nucleation in
the next cathodic pul se because the nucleation exclusive zones have decreased or
completely disappeared. Moreover, they could be also suitable for the growth of
neighboring crystals.
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The anodic overpotential, 775 was varied over a wider range of overpoten-
tials, i.e., 40-160 mV. The duration of the anodic pulse z; of the reverse cycleis
usually shorter than that of the cathodic one 7, and in this case it was 2 ms. The
ratio of cathodic vs. anodic pulse period 7:: 74 was varied as 8:1, 4:1 and 2:1,
meaning that 7 was 16, 8 and 4 ms, respectively.

The change in the morphology of the silver deposits as a function of the va-
riation of the anodic overpotential, 775 and 7. 75 is shown in Fig. 3. At lower

ol MV

160

120

80

T Ta 81 : 2:1

Fig. 3. Morphologica changes of silver electrodeposits as a function of
the anodic overpotential, 77, and cathodic vs. anodic timeratio, 7. z;
Ta= 2 MS, Tgeposition = 10 min; magnification: x100.
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anodic overpotential (40 and 60 mV), there was no splitting off or release of the
crystals, only a slow dissolution. At higher anodic overpotentials, the tips of the
crystals dissolved faster than the side parts. According to their size and shape, it
seems that they grew uniformly in all directions. Nevertheless, there was not mu-
tual linking of the crystals. An increase of the anodic overpotential also caused a
more intensive dissolution of the larger crystals as well as their splitting and en-
tire release, especially of dendrites. Hence, at an anodic overpotential of 120 mV,
the deposits consisted of smaller grains and were more compact than the corres-
ponding ones obtained at lower overpotentials. On further increasing of the ano-
dic overpotential to 160 mV, the grain size and compactness continued to im-
prove. However, considering the lower current efficiency at 160 mV, an anodic
overpotential of 120 mV could be regarded as the optimal one.

At the beginning of a cathodic pulse, the nucleation density was high enough
for the number of grains to increase and their linkage to occur. It could have been
expected that small-grained and compact deposits would continue to improve
with further adjustment. However, at the higher ratio of cathodic vs. anodic over-
potential 7: 75, saturation of the nucleation could be achieved and crystals grew
larger. Even at 7: 74 = 2:1, the obtained deposit was small-grained and compact,
but the current efficiency was lower.

Thus, further optimization of the electrolysis parameters was directed to-
wards obtaining small-grained compact deposits with higher current efficiency,
i.e, a ahigher . 7y ratio, eg. 4:1. In order to realize this, the anodic pulse pe-
riod was varied.

Variation of the anodic pulse period, T4

An SEM image of an electrodeposit abtained by reverse electrodeposition
with increased duration of the anodic pulse, 73 = 4 ms, is shown in Fig. 4.
Compared with the corresponding deposit obtained under identical conditions but
with 73 = 2 ms (see Fig. 1c), this deposit shows a denser nucleation and close-
-packed grains of reduced size. Prolongation of the anodic pulse enabled a more
intensive dissolution of the larger crystals as well as the release of weaker bound

Fig. 4. Silver deposit produced in 0.50 M
HNO3 + 1.17 M NaNOg; 7. =-80 mV; 7, =
=80 MV; i = 2:1; 5, = 4 MS] Tyeposition =
= 10 min; magnification: x100.
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crystals from the electrode surface, especially dendrites. Successively repeating
the cathodic and anodic pulses resulted in the formation of smaller-grained and
more compact deposit. However, the compactness can also be improved with fur-
ther changes of the electrodeposition conditions, for instance, the addition of
POZ% and application of stirring to the electrolyte.

Smultaneous action of PO;~ and stirring of the electrolyte

As mentioned above, formation of compact deposit depends on the j/jq ratio.
The higher the j/j, ratio, the better is the compactness of the deposit. There are
several approaches to increase the value of j/jo, either through increasing the
current density, or decreasing the exchange current density, jo. Further attempts
in this study to improve the morphological characteristics of the silver deposits
were to include PO43 and to gtir the electrolyte.

The presence of PO43 affects both an increase in the number of active cen-
ters and the stimulation of 2D crystal growth. This is a result of lower exchange
current density. The values of the exchange current density in nitrate solution
with and without Poﬁ‘, measured by impedance spectroscopy, were 5.0 and 26
mA cm—2, respectively.® The polarization curves of the electrodeposition of sil-
ver from a solution with and without PO43 are shown in Fig. 5. At the potentia
interval of the formation of polycrystalline deposits, near —80 mV, the current
densities were almost the same. Hence, the j/j, ratio was more than 5 times higher
in the presence of POA% than in their absence. In this case, the nucleation rate
increases considerably, while the radius of the nucleation exclusion zones de-
crease. The large difference in the jo values can be attributed to the formation of
adsorbed intermediate complexes of Ag+ and PO3, according to the following
mechanism:6:8

80~ o 0.50 MAgNO, +100 g dm® NaNO,
® 050 M AgNO, + 100 g dm® NaNO, + 6.0 g dm® H,PO,
u
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0 ﬁ' ... NI P . Fig. 5. Polarization curves for a
20 40 60 80 100 120 dlver electrode in electrolytes
nlmv with and without PO% .
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Agt + POF — (AgPOZ )ads
(AgPO7 )ads + € — Ag + (PO )ads

Electrocrystallization processes controlled by incorporation of adatoms sug-
gest two-dimensional (2D) growth. As can be seen from Fig. 6a and 6b, the
formed grains had a plate-like shape. As PO43f favor the generation of a larger
numbers of nuclei and almost eliminate nucleation exclusive zones, the produced
deposit was more compact than in the previous cases. Furthermore, if eectrolyte
stirring is applied, the processes intensify and the deposits were even more com-
pact with smaller grains (Fig. 6¢c and 6d). The plates were very closely packed
and mutually intertwined, thus whisker-like shapes can be observed.
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Fig. 6. Silver electrodeposits produced by reverse electrodeposition in 0.50 M HNO; + 1.17 M
NaNO; +0.060 M PO} at 7. =-80mV, 77,= 120 MV, 7.7, = 4.1, 7,= 4 MS, Tyeposition = 10
min; @) no stirring, magnification: x100, b) the same asin &), magnification: x1000, c) stirring
400 rpm, magnification: x100, d) the same as in c), magnification: x1000.

Changing the hydrodynamic regime is another approach to increase the j/jo
ratio. Stirring the electrolyte aso lowers diffusion limitations during electrocrys-
tallization. It lowers the concentration gradient that provides a continuous supply
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of Ag* to the cathode surface. The thickness of the diffusion layer, ¢, is aso
smaller, which means the limiting current density increases. This contributes to
anincreaseinthejl/jq ratio.

In the case of the simultaneous addition of PO;’( and stirring of the electro-
lyte, the j/jo ratio increases as aresult of both an increase in j due to the stirring of
the electrolyte and decrease of j, due to introduction of Poﬁ‘. This enables the
formation of compact and small-grained deposits even under conditions when
previoudly this was impossible possible. Figure 7 shows that a fine compact de-
posit can be obtained at the lower anodic overpotential, 80 mV, and the higher
ratio of the duration of the cathodic vs. anodic pulse, 7:: 7, = 4:1. This contributes
to an improved quality of the deposits and the current efficiency of the electro-
deposition process.

1/ mvV

120

80

T Ty

Fig. 7. Morphological changes of silver electrodeposits as a function of anodic overpotential,
175, and cathodic vs. anodic timeratio, 7. 7, applying stirring of 400 rpm to the electrolyte;
Ta= 4 MS, Tyenostion = 10 min; magnification: x100.

CONCLUSIONS

The investigations in this study were motivated by the idea to obtain small-
-grained and compact silver deposits by electrodeposition under electrorefining
conditions. After varying severa parameters such as anodic overpotential, anodic
pulse period, cathodic vs. anodic time ratio in stirred and non-stirred electrolyte
both with and without the addition of PO43*, the following conclusions can be
reached:
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1) Increasing the anodic overpotential resulted in the formation of smaller
grains and increased the compactness of the deposit. An optimal overpotential
could be considered 120 mV, because further increasing the overpotential consi-
derably decreased the current efficiency of the electrodeposition process.

2) Increasing the cathodic vs. anodic time ratio, 7 7, led to the formation of
a rough deposit with larger grains. At 773 = 2:1, the deposit obtained was
compact with smaller grains, but in this case the current efficiency was very low.

3) Prolongation of the anodic pulse had a similar influence on the morpho-
logy as the anodic potentid, i.e., it enabled the formation of a more compact and
small-grained deposit. In this case, an appropriate morphology can be obtained at
higher cathodic vs. anodic time ratios.

4) The addition of POﬁ‘ and stirring the electrolyte enabled the formation of
deposits with the best morphological characteristics at a higher current efficiency.

Reverse current regimes in combination with POA% and stirring of the elec-
trolyte during eectrorefining are suitable ways of encouraging the formation of
refined and compact silver deposits and they are technically applicable.

Acknowledgement. This paper was supported by and performed within the Project “ Study
of morphology of metal deposits produced by electrorefining under modified conditions’ of
the Ministry of Education and Science of the Republic of Macedonia.
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E®EKAT HECTAIMOHAPHUX CTPYJHUX PEJXKMMA
HA MOP®OJIOI'JY TAJIOT'A CPEBPA

ALEKSANDAR T. DIMITROVZ, PERICA PAUNOVICY, ORCE POPOVSK |2, DRAGAN SLAVKOVY,
WEJBKO KAMBEPOBIR® 1 SVETOMIR HADZI JORDANOV!
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2Military Academy “ Mihajlo Apostolski” , Skopje, FYROM u 3Texnonouiko—memianypuixu axyaitieit,
Ynueepauitieii y Beozpady, beozpao

Pag ce 6aBu xopumhemeM peBEpCHUX CTPYJHHX peXuMa 3a IoOWjame CUTHO3PHUX M KOM-
MAKTHHUX Tajora cpedpa y mporecy eneKTpoxeMujcke padunanuje. Bapupano je HeKonImko mapame-
Tapa: a) aHO/[Ha [IPEHAIIETOCT, ) OIHOC BPEeMEHA Tpajarha KaTOAHOT M aHOJHOT I1yJica U II) TPajame
aHoJHOT myJica. HakoH onTHMH3aIyje OBUX Iapamerapa, y eJISKTPOJIUT cy gojaaty (ochaTtHu joHn
U IPUMEHEHO je Mellame eNIeKTpoiuTa. McnTuBaH je yTuliaj aHoAHE IPEHANETOCTH Ha BEJIHYHUHY
3pHa Tajora cpebpa M Ha HEroBy KOMIAKTHOCT. [Ipofyxkeme Tpajarmba aHOJHOT IyJIica ITOKa3aio je
cirvaH edekat, alli y3 cMambemhe HeKopulnhema crpyje. [loehame ogHOCa BpeMeHa Tpajama Ka-
TOZHOT U AQHOJHOT ITyJIca JIOBEJIO je 10 noBehama 3pHa M CMambeha KOMIIAKTHOCTH Tajora. OnTu-
MajHa Mopdooryja Tajora je JoOujeHa HaKOH A0JaTKa PO%‘ U y3 MeIlaibe eIeKTPOIIUTA.

(Mpumsbeno 19. centembpa, pesuaupano 30. oktobpa 2008)

REFERENCES

1. A. M. Mosher, Trans. Am. Inst. Mining. Eng. 106 (1933) 427
2. C.W. Clark, A. A. Heimrod, Trans. Electrochem. Soc. 61 (1932) 77
3. H. Gerischer, Z. Electrochem. 62 (1958) 256

2009 Copyright (CC) SCS

©

0]S]O)]

E' RGO



MORPHOLOGY OF SILVER ELECTRODEPOSITS 289

4. |. Markov, A. Boynov, S. Toshev, Electrochim. Acta 18 (1973) 377

5. A. T. Dimitrov, S. HadZi Jordanov, K. I. Popov, M. G. Pavlovi¢, V. Radmilovi¢, J. Appl.
Electrochem. 28 (1998) 791

6. K. I. Popov, E. R. Stojilkovi¢, V. Radmilovi¢, M. G. Pavlovi¢, Powder Technol. 93
(1997) 55

7. N. D. Nikoli¢, E. R. Stgjilkovi¢, K. 1. Popov, M. G. Pavlovi¢, J. Serb. Chem. Soc. 63
(1998) 877

8. A. T. Dimitrov, PhD Thesis, University “Sts. Cyril and Methodius’, Skopje, 1997 (in
Macedonian).

2009 Copyright (CC) SCS

@080

EN MG MDD




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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




