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Abstract

In this research the growth of an initial population is studied for seeded batch
crystallization of ammonium sulphate in water. The system is analysed in a
comparison with so-called ideal growth behaviour. Ideal growth is a situation where
the number of crystals remains constant during the batch. Deviation from ideal
growth can be caused by partial dissolution of the seeds or by nucleation. The focus
of this work is on the influence of seed quality on sensitivity for dissolution and on
the influence of crystal-impeller collisions on nucleation.

Three different types of seeds are used for seeded experiments in a 75-1 draft
tube (DT) crystallizer operated in evaporative fed-batch mode. The results show that
seeding with ground seeds can improve product quality and reproducibility compared
to unseeded operation. However, partial dissolution of the seed crystals was detected
especially at a low seed mass. Seeds that are prepared from product slurry do not
suffer from this drawback. However, the large mean size and broad CSD of this
seeding material result in excessive nucleation and a broad final product CSD. To
combine favourable properties of previous seeding methods, primary nucleation is
used to produce seed crystals in a separate seeding vessel by addition of an anti-
solvent. Large amounts of nuclei in the seeding vessel are generated upon addition of
anti-solvent. The seeds did not dissolve at a low seed mass, but agglomeration of the
small particles reduces the surface area available for growth in the crystallizer.

In all experiments in the 75-1 DT crystallizer deviations from ideal growth is
observed due to the onset of nucleation early in the batch. To investigate the cause of
this nucleation, some seeded batch cooling crystallization experiments are carried out
in a bubble column using the same system. The bubble column does not have any
moving mechanical parts. The mixing is provided by the upward velocity of the air
bubbles. The results show that ideal growth is already achieved for a low amount of
seeds compared to an agitated crystallizer. It demonstrates that attrition due to crystal-
impeller collisions is the main source of nucleation in agitated crystallizers.
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1. Introduction

The design and operation of solution crystallization processes still pose many
challenges. In case of batch-wise operation, the reproducibility between the batches is
one of these challenges. Fed-batch experiments show a strong dependency of the final
product on the initial conditions of a batch. Seeding can be used to manipulate the
initial distribution aiming at improved product quality and reproducibility.

The influence of seeding properties on final product quality has been studied
extensively in literature. Jagadesh et al. [1] studied cooling crystallization of
potassium sulphate. They found that nucleation was practically absent above a certain
critical seed concentration even for a natural cooling policy. Doki et al. [2] showed
for cooling crystallization of potassium alum that a uni-modal product can be
produced due to a low supersaturation peak by using more seeds than a certain critical
seed concentration. They also found that there is no scale-up effect on crystal size
distribution (CSD) if enough seeds are used under well-mixed conditions. In
subsequent papers [3, 4] it was also found that the cooling mode has no effect on CSD
if enough seeds are used. The experimental results were combined in an expression
that can be used to calculate the critical seed load that is needed for ideal growth of
the potassium alum system [5, 6]. Ideal growth means that the number of crystals
does not change during the batch. Analysis of the expression reveals that the total
required seed surface is not constant, but increases linearly as seed size is increased.
The explanation is that larger seed crystals are more sensitive for attrition. Hojjati et
al. [7] studied the effects of seeding and cooling policy on supersaturation and
product CSD for the crystallization of ammonium sulphate in a batch crystallizer.
They found a critical seed load for ideal growth and a seed load that maximizes the
final product size. This latter seed load was several times smaller than the critical seed
load for ideal growth. Warstat et al. [8] studied seeded cooling crystallization of four
different materials aiming at the development of general rules on how to improve
product quality by using seeding. They found that the use of milled seeds leads to
uncontrolled nucleation due to breeding fragments adhering to the surface. A smaller
distribution width and less nucleation were observed for recrystallized seeds and
seeds in suspension.

This contribution will analyze in more detail the influence of seed mass and
quality on the reproducibility between batches and the final product quality for
evaporative crystallization of ammonium sulphate from water on pilot plant scale and
for cooling crystallization of the same system on lab scale in a novel crystallization
configuration. The aim is to find the critical seed mass for ideal growth by comparing
the growth of the seed crystals during the experiment with ideal growth behaviour.
The two main reasons that cause deviations from ideal growth for the studied system
are dissolution and nucleation. The focus will be on the influence of seed quality on
dissolution and on the influence of crystal-impeller collisions on nucleation.

Two different types of setup are used for this research. In the first place a 75-1
draft tube (DT) crystallizer is used. The results of the experiments with the pilot plant
are the reference for seeding experiments with a novel crystallization configuration
involving a bubble column. The bubble column does not have any moving
mechanical parts or a circulation pump. The mixing is provided by the upward
velocity of the bubbles and supersaturation is generated by simultaneous cooling and
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evaporation. In this way attrition caused by crystal-impeller collisions is absent.
Moreover, the generation of supersaturation is uniformly distributed along the
complete length of the column.

2. Approach

Seeding is applied to a 75-1 DT crystallizer operated in evaporative fed-batch
mode. The reference for the seeded experiments is a series of unseeded experiments
[9]. For the seeded experiments a 5-1 vessel is connected to the crystallizer in which
the seeds are prepared. The CSD is measured on-line during the batch approximately
every 2 minutes with a laser diffraction instrument (HELOS Vario, Sympatec,
Germany), supersaturation is measured prior to the nucleation or seeding point with a
LiquiSonic probe and a particle vision measurement (PVM) probe (PIA 524, MTS,
Germany) is used to observe the outgrow of seeds. The final theoretical yield of each
batch is 33.0 kg.

For the experiments with the 75-1 DT crystallizer three different methods to
produce the seeds are applied. A seeding procedure has been developed with ground
seeds [9]. Commercial grade ammonium sulphate (DSM, The Netherlands) is ground
using an Ultra-Centrifugal Mill (ZM 200, Retsch, Germany), sieved in a fraction
range of 90-125 using a set of sieves and a sieve shaker (AS300, Retsch, Germany),
and suspended in a saturated solution. It is found experimentally that the surface of
the seeds in the seeding vessel heals and breeding fragments dissolve. The mean size
of the seeds increases in this period and after approximately 60 minutes a steady state
is reached around 230 pum. The seed mass is the only degree of freedom for the
experiments, which varies between 0.4 kg and 1.4 kg. The second method to produce
the seeds is by taking product slurry from a previous batch and to use this directly as
seeding material. These seeds do not suffer from internal lattice strain as they are
grown crystals. Finally seeds are produced by adding 1 ml of anti-solvent (ethanol) to
a saturated solution of 55°C in the seeding vessel. The solution is cooled 5 degrees
Celsius prior to seeding to increase the size of the seeds. This prevents their
dissolution in the crystallizer. For all experiments the heat input to the crystallizer is
fixed at 120 kW / m3 with an operating temperature of 50°C, pressure of 100 mbar
and stirrer speed of 450 rpm.

In case of ideal growth the following equation can be used to estimate the final
product size [1]:
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Equation (1) is valid when the number of crystals is constant, the crystal shape
does not change, and there is no residual supersaturation at the end of the batch [1].
At each CSD measurement the crystal size in case of ideal growth can be estimated
by calculating the theoretical yield at the time of measurement and by applying
equation (1). It gives the crystal size that is achieved if all of the crystal mass
produced so far is deposited on the seeds. Note that this approach does not take into
account changes in supersaturation. The levels of supersaturation are low for an
ammonium sulphate — water system, which justifies this assumption. An example of
this approach is given in Figure 1. The first three measurements are used to fit the
ideal growth curve by using a least square approach and the seed size (Ls) as fitting
parameter. The experimental data is discarded if the first three measurements did not
arrive properly within 15 minutes or if the parameter fit gives an unrealistic low seed
size. In the latter case dissolution most probably reduced the number of seeds, which
was also observed with the PVM probe for some cases. For a typical experiment the
measured CSD follows the ideal growth curve for a certain amount of time after
which the two curves start to deviate. The calculated C; at this point is defined as the
critical seed load for ideal growth (Figure 1). At this point the maximum amount of
crystal mass is deposited on the initial amount of seeds and the number of crystals
increases due to nucleation. Note that agglomeration, which was not observed on
scanning electron microscope (SEM) pictures, is neglected.
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Figure 1: Determination of critical seed load

Seeding is also applied in a bubble column to investigate the influence of
crystal-impeller collisions on the deviation from ideal growth behaviour. The bubble
column is made out of Perspex (PMMA) and has an internal diameter of 7.0 cm and
height of 1.0 m (liquid hold-up 3.0 litre). The slurry phase remains in the column
(batch mode), while the gas phase (air) is in continuous flow mode. Pressurized air
reduced to 1.2 bar at room temperature is introduced by a gas sparger (perforated
plate, dpole = 800 um). The superficial gas velocity is flow controlled at 2.0 cm/s and
the pressure is measured by a digital manometer. The temperature is measured at six
different locations by resistance thermometers (PT-100). The gas is condensed using
two cooling spirals to collect the vaporized solvent. The yield is determined at the end
of each experiment and the CSD of the final product is measured with a laser
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diffraction instrument (S3500, Microtrac, USA). Seeds from previous experiments are
used for the batch experiments. The seed crystals are sieved and the 150-212 fraction
is suspended for at least 30 minutes in saturated ammonium sulphate solution (whose
amount is chosen in such a way as to obtain a 20-wt.% crystal slurry) before being
introduced in the bubble column to remove small particles adhering to the surface.
The seeds are added to the column if the temperature at the bottom is 0.5°C below the
saturation temperature of 55°C. The CSD of the seeds is measured in separate
experiments to determine the seed size and reproducibility of the seed preparation
procedure. The solution is cooled to 33°C in 3 hours time.

3. Results

3.1. Seeded experiments with ground seeds in 75-1 DT crystallizer

The results of a series of unseeded experiments in the 75-1 DT crystallizer
show that the final product median size ranges from 475 pm to 525 pum [9]. The
relative supersaturation at which a primary nucleation event is detected ranges from
1.2% to 4.2%. Figure 2 shows the results of eight seeded experiments with ground
seeds in a seeding chart. It shows the ratio of seed mass to product (Cs) as function of
product size (Lp). The same graph contains the results obtained by Hojjati et al. [7]
for cooling crystallization of ammonium sulphate in a 1.5-1 jacketed-agitated batch
crystallizer. It is interesting to note that the results are well comparable despite the
significant difference in crystallization method, scale and yield. The critical seed load
for ideal growth can be obtained from the chart by determining the point at which the
experimental curve starts to deviate from the ideal growth curve. The critical seed
load for ideal growth can not be determined accurately from the seed chart because of
the variation in data points. However, it is important to note that ideal growth, for
ground seeds with a mean size around 230 pum, is only reached for very large seed
loads of approximately 30% of the final yield. The application of such a high seed
load is practically not feasible and also results in a small final product size.

From experiments with increasing seed load it can be concluded that seeding
with ground seeds can improve the reproducibility and product quality compared to
unseeded operation if the seed mass is large enough. In our specific case this seed
load was 2.8% of the final yield. For lower seed masses partial dissolution of the
seeds was detected, which resulted in poor reproducibility and product quality due to
high levels of supersaturation.
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Figure 2: Seed chart showing results from ground seeds in 75-1 DT crystallizer (dotted lines, initial seed mass
between 0.4 and 1.4 kg, Ls = 230 um), results from literature [7] and results from seeded experiments in the
bubble column (circles indicated by arrows, see Table 2 for operating conditions).

3.2. Seeded experiments with product slurry from previous batch as seeding material

Figure 3 shows the dynamic development of the mean size and distribution
width for experiments in the 75-1 DT crystallizer seeded with product slurry from the
previous batch. The results are not collected in a seed chart since the seeds did not
grow out, but secondary nucleation reduced the mean size in the beginning of the
batch. A bi-modal distribution could clearly be seen during the first hour of the
experiments. The results emphasize the importance of seed size [5, 10, 11]. The total
surface area that is introduced in the crystallizer for experiment DTc34 is of the same
order of magnitude as for the experiments with ground seeds, but the nucleation rate
is much higher. An advantage of this type of seeds is that the seeds did not have the
tendency to dissolve as was the case for ground seeds.
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Figure 3: CSD characteristics (mean size, distribution width) during evaporative fed-batch crystallization in 75-1
DT crystallizer seeded with product slurry from previous batch for different seed loads.
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3.3. Seeded experiments with seeds produced with anti-solvent crystallization

Current research focuses on the combination of the favourable properties of
the ground seeds and the product slurry seeds. The aim is to produce small seed
crystals with primary nucleation in the seeding vessel for which different approaches
are investigated. Fast cooling of a saturated solution in the seeding vessel produced
rather large seed crystals. Therefore anti-solvent was used to produce a large amount
of nuclei. The main obstacle is to prevent agglomeration of the particles. Seeding
experiments in the 75-1 DT crystallizer show a very rapid outgrow of the seed
material and broad distribution indicating high levels of supersaturation due to a low
surface area (Figure 4). The reproducibility of the experiments was not satisfactory
due to agglomeration of the seeds and the high rates of nucleation. However,
dissolution of the seeds was not observed despite the low seed mass. In Table 1 a
comparison of sensitivity for dissolution in terms of seed quality, seed mass, seed size
and supersaturation in the crystallizer at the seeding point is made. It contains two
experiments with ground seeds in which dissolution was clearly observed [9] and the
experiments with the product slurry as a seeding material and experiments with
seeding material made from anti-solvent crystallization. It shows that ground seeds
are more sensitive to dissolution even at a higher seed mass and a higher initial
supersaturation in the crystallizer.

Table 1: Sensitivity for dissolution of various types of seeds applied to the 75-1 DT crystallizer

Code | Seed quality Ws Ls Initial Dissolution
[g] [pm] | supersaturation
DT.39 Ground 400 | ~230 0.01085 | yes, partially
DT.33 Ground 600 | ~230 0.00760 | yes, partially
DT.34 | Product slurry 1675 560 0.01442 no
DT 46 | Product slurry 218 540 0.00668 no
DT.50 | Product slurry 174 560 0.00135 no
DT.53 | Product slurry 87 590 0.00051 no
DT.59 | Anti-solvent 28 ~170 0.00627 no
DT.60 | Anti-solvent 28 ~170 0.00575 no
DT.61 Anti-solvent 28 ~170 0.00572 no

An alternative method to produce seed crystals with a high specific surface
area is to use ultrasound. Ultrasound can be used to produce a narrow mono-dispersed
distribution with a median size of 6.0 um [12]. Such crystals have very favourable
properties for seeding purposes. Current research progresses in this direction.
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Figure 4: CSD characteristics (mean size, distribution width) during evaporative fed-batch crystallization in 75-1
DT crystallizer seeded with seeds produced with anti-solvent crystallization.

3.4. Seeded experiments in bubble column

The experimental results from the seeded experiments in the bubble column
are summarized in Table 2. From equation (1) it can be concluded that ideal growth
for experiment 1311 and 1312 results in a mean size of 562 and 596 um respectively,
which is close to the experimental measured values. Assuming that agglomeration
does not play a significant role, it can be concluded that the number of crystals does
not change during the batch, which means that nucleation is indeed minimized. Figure
2 shows the results of the seeding experiments with the bubble column in the seed
chart presented earlier. Note that the critical seed load for ideal growth has not been
found yet, but at least it is below 5.5%, which is already much lower compared to
agitated vessels as can be seen in Figure 2. It demonstrates that attrition caused by
crystal-impeller collisions is the main reason why the experimental growth behaviour
starts to deviate from the ideal growth behaviour in agitated crystallizers at a relative
low yield.

Table 2: Experimental results seeded experiments in bubble column.

Exp. ref. Cs L L, L, X90 / X10
experimental ideal growth
[Ws/Ww| | [um] [nm] [pm] [pm / pm]
1311 0.067 223 601 562 2.5
1312 0.055 223 580 596 2.5

4. Conclusions

The aim of this research is to investigate reasons why the growth behaviour of
an initial population starts to deviate from ideal growth in seeded batch
crystallization. In particular the focus is on the influence of seed quality on sensitivity
for dissolution and on the influence of crystal-impeller collisions on nucleation.
Seeding with different types of seeding material was applied to a 75-1 DT crystallizer
operated in evaporative fed-batch mode. The critical seed load for ideal growth turned
out to be approximately 30% of the final yield for ground seeds with a mean size
around 230 um. At a lower seed load nucleation increases the number of crystals in
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the crystallizers. Such a high seed load does not have practical relevance and also
results in a small final product. The disadvantage of ground seeds is the occurrence of
initial breeding and their lack of stability due to the presence of lattice strain, which
demands a careful preparation procedure and can cause partial dissolution upon
introduction in the crystallizer.

Seeds that are prepared from product slurry do not suffer from this drawback
because the crystal lattice is virtually free from strain. Dissolution did not occur even
in cases of low seed mass and low initial supersaturation in the crystallizer. A critical
seed load for ideal growth is not found for these types of seeds, because the large
mean size results in excessive secondary nucleation in the beginning of the batch.

Seeds that are produced with primary nucleation in the seeding vessel can
combine the favourable properties of previous seeding methods. An anti-solvent was
used to produce a large amount of nuclei with a large specific surface area and low
sensitivity for attrition. These seeds did not dissolve despite the low seed mass. The
weak point of this procedure is the occurrence of agglomerates which reduces the area
available for growth. These seeds grow out very rapidly which indicates a high level
of supersaturation. It results in a final product with a broad CSD and batch to batch
variations comparable to unseeded operation.

Seeded experiments in a bubble column on lab-scale show that ideal growth
can be realized in a crystallizer without moving mechanical parts for much lower seed
loads compared to a 75-1 DT crystallizer or a 1.5-1 agitated crystallizer [7]. It
demonstrates that attrition caused by crystal-impeller collisions is the main reason for
deviation from ideal growth in agitated crystallizers.

Nomenclature

L, [wm] Product volume-based mean size
L, [wm] Seed volume-based mean size
X10 [pm] 10-% quantile of the CSD

X90 [um] 90-% quantile of the CSD

Cs kg kg'l] Seed load defined as W,/ Wy,
Wi [kg] Seed mass

Wi [ke] Theoretical crystal yield
References

1. Jagadesh, D. and Kubota, N. and Yokota, M. and Doki, N. and Sato, A., (1999)
Journal of Chemical Engineering of Japan, 32(4), 514-520

2. Doki, N. and Kubota, N. and Sato, A and Yokota, M, (1999) AIChE, 45(12), 2527-
2533

3.Doki, N. and Kubota, N. and Sato, A and Yokota, M., (2001) Chemical
Engineering Journal, 81,313-316



R. Lakerveld et al.

4. Kubota, N. and Doki, N. and Yokota, M. and Sato, A., (2001) Powder Technology,
121, 31-38

5. Doki, N. and Kubota, N. and Yokota, M. and Chianese, A., (2002) Journal of
Chemical Engineering of Japan, 35(7), 670-676

6. Kubota, N. and Doki, N. and Yokota, M. and Jagadesh, D., (2002) Journal of
Chemical Engineering of Japan, 35(11), 1063-1071

7. Hojjati, H. and Rohani, S., (2005) Chemical Engineering and Processing, 44, 949-
957

8. Warstat, A. and Ulrich, J., (2006) Chemical Engineering Technology, 29(2), 187-
190

9. Kalbasenka, A.N. and Spierings, L.C.P. and Huesman, A.E.M. and Kramer,
H.J.M., (2007) Particle & Particle Systems Characterization, 24, 40-48

10. Mullin, J.W. Crystallization, 3" ed. Butterworth-Heinemann, UK (2001)

11. Yokota, M. and Takezawa, M.E.. and Takakusaki, T. and Sato, A. and
Takahashi, H. and Kubota, N., (1999) Chemical Engineering Science, 54, 3831-
3838

12. Virone, C. and Kramer, H.J.M. and Van Rosmalen, G.M. and Stoop, A. H.
and Bakker, T. W., (2006) Journal of Crystal Growth, 294(1), 9-15

Acknowledgements

BASF, BP and Delft Centre for Sustainable Industrial Processes are gratefully
acknowledged for their support.

10




<<
  /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
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /ENU (Use these settings to create PDF documents with higher image resolution for high quality pre-press printing. The PDF documents can be opened with Acrobat and Reader 5.0 and later. These settings require font embedding.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


