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ABSTRACT 

 

Against the backdrop of advancing prices for blast furnace coke and primary energy 
carriers based on fossil fuels the ironmaking industry tries to utilize secondary raw 
materials to the maximum feasible extent. In Germany among others plastic granulate 
material produced from recycled sales packaging that arises from the “Green Dot” 
system, is used as a substitute reducing agent and energy source. Up to particle sizes of 
10 mm the material can be injected into the blast furnace via the tuyères by using a 
pneumatic conveying system and by means of several injection lances. 

Although the physical and chemical parameters of the applied recycling products are 
specified in principle there can be deviations resulting from inefficient material 
processing. Particularly with regard to particle size individual lots can contain a higher 
amount of fine and fibrous particles that build up fluff agglomerates when being 
agitated as it is the case during pneumatic conveying and injection, in consequence of 
which the pipes and filters of the system are choked. 

The occurrence of fluff therefore requires additional treatment of the material. At the 
Institute of Mechanical Process Engineering & Solids Processing of the Technical 
University of Berlin the dry separation of the fluff material fraction has been 
systematically investigated in the framework of a cooperation project with ironmaking 
industry. The paper presents results from bench scale tests using a laboratory zigzag 
sifter. The analysis of separation efficiency with respect to finding the optimal process 
parameters in terms of volumetric air flow rate and solids throughput comprised the 
evaluation of material recovery and grade efficiency curves. Based on the results a 
process for industrial application can be designed. 
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1. Introduction 
1.1 Waste plastics in blast furnace operation 

In several integrated steelworks in Germany and Austria as well as in Japan 
granulated waste plastics are used in blast furnaces to replace heavy oil or 
pulverized coal [1]. Besides serving as an energy source the hydrocarbons are 
gasified and act as reducing agents in the conversion of the iron ore. This kind of 
application is approved as a raw material recycling, reducing the blast furnace 
coke quantity needed in the process and therefore improving the CO2 balance of 
the whole process chain. 

The reaction gases necessary for the reduction of the iron oxide are generated 
when the plastic material is injected into the molten bath at the bottom of the 
blast furnace via the tuyères, compare Fig 1. At a temperature of approximately 
2000 °C the plastics are abruptly gasified. As the chemical compositions of 
mineral oil and plastics are very similar, this process allows the substitution of 
one kg oil by one kg plastics [2]. 
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Fig. 1: Reduction in blast furnace [3] 

Approximately 60% of the reduction potential of the gas arising from the plastic 
material is utilized during migration through the furnace shaft, limited by the 
equilibrium of reaction. At the end of the process a mixture of carbon dioxide, 
carbon monoxide and water vapour is present that is further used within the 
steelworks as a fuel gas, increasing the overall utilization to approximately 80% 
[4]. As the plastics and also pulverized coal do not contribute to the gas 
permeability of the blast furnace, the substitution of coke is limited. Relevant 
impurities contained in the plastic material are several metals and especially 
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chlorine, where the latter is restricted to 1.5 %. The high temperatures in the 
vicinity of the tuyères and the absence of oxygen at the top of the furnace 
prevent the formation of dioxins. 

 

1.2 Production of granulated waste plastics from post-consumer plastics 

The granulated waste plastics used for blast furnace application are produced in 
a specific treatment plant involving several processing steps, compare Fig. 2. 
The feed stream comprises a mixture of different plastics from pre-processed 
packaging material originally coming from the German “Green Dot” recycling 
system. The used and emptied packaging including fastenings, bottle tops and 
labels contains can contain up to 10 % of extraneous material (as glass, rubber, 
textiles or compostable waste) and foreign matter [5]. 

After opening the bales some of the extraneous material is separated in a rotary 
screen. The mixed plastics are then shredded in a single-shaft shredder. Ferrous 
parts are removed in a magnetic drum separator, non-ferrous metals in an eddy 
current separator. 
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Fig. 2: Flowsheet for plastic waste processing 

After fractionating light and heavy plastics in a sifter, the light packaging are 
surface-melted by pressure and frictional heat in so-called agglomerators. The 
resulting granular particles are again processed in a magnetic separator and then 
screened into products of different size. Material < 1 mm is used thermally. The 
middle fractions of usually 1 to 8 mm can be directly used for blast furnace 
operation while larger granulate has to be further reduced in size. Fig. 3 shows 
the products from plastic waste processing. 
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Fig. 3: Granulated waste plastics 

 

1.3 Fluff-related operating trouble 

In the case under consideration an injection plant for the granulated waste 
plastics was designed for a maximum capacity of 8000 kg/h, see Fig. 4. 
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Fig. 4: Injection plant to blast furnace 

Granulated waste plastics from the silo are conveyed by a screw conveyor and at 
first separated at 10 mm by a vibrating screen to ensure the removal of 
remaining oversize particles not suitable for injection. Via a cell wheel sluice the 
material is then moved to an intermediate pneumatic conveying system using 
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cold blast furnace wind of approximately 1700 m3/h. After temporary storage in 
a bunker the material is fed to a intermediate vessel passing a pressure sluice and 
from there distributed to the injection lances of up to 13 tuyères using 
compressed air. 

The quality of the pre-treated waste plastics can change from lot to lot. In some 
cases there is a higher fraction of fluff material that tends to agglomerate when 
being moved, consequence of which is the blinding of the vibrating screen and 
the choking of the pneumatic conveying system including its dust separation 
units. By definition fluff are very fine fibres coming off from cellulose material 
or are produced when cutting the plastic packaging. Between the fluff particles 
form-locking agglomeration occurs (“felting” or “pilling”) where individual 
fibres are intertwined. In the following also granular particles attach to these 
fibres, either by embedding to the netting or due to electrostatic adhesive forces, 
see Fig. 5. This process is promoted by moving the fluff containing material, 
thereby producing additional fibres by abrasion. 

 

 
Fig. 5: Characterization of fluff fraction (small image with magnification 50x) 

As the formation of felt-like agglomerates is mainly determined by the fraction 
of very fine fibres, particle size and particle shape are the relevant dispersity 
properties. For the characterization of the feed material particle size analysis by 
sieving was carried out at sizes 10 mm, 5 mm, 2.5 mm, 1.25 mm, 0.63 mm and 
0.315 mm, see Fig. 6. Microscopic analysis of the sieve fractions showed that 
fluff particles are mainly found in the fraction smaller 0.315 mm, also in small 
amounts and already agglomerated in the sieve fraction 0.63/0.315 mm. As the 
amount of granular particles in these fractions is very small, particle size can be 
used as a sufficient criterium, i.e. fluff separation can be achieved by particle 
size classification. 
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Fig. 6: Particle size distribution of granulated waste plastics 

 

2. Approach for dry processing and experimental setup 
To avoid blinding of the vibrating screen material the fluff separation step 
should be arranged ahead of the removal of oversize particles. Within the scope 
of selecting an appropriate particle size classification process the following 
requirements had to be met: 

 Dry processing with minor particle movement within the bed before and 
during separation to minimize fluff agglomeration 

 Separation at a cut size of approximately 0.5 mm considering non-ideal 
separation, with an adequate separation sharpness to minimize material 
losses 

 Minimal vulnerability to failures (no moving parts, no built-in fitments), 
technology with low maintenance demands and minimal wear 

Considering that the density of the granulated plastic particles does not deviate 
that much from the mean solid density of approximately 1400 kg/m3 these 
requirements can be fulfilled at best by a gravity wind sifting process. From 
experiences in the processing of different solid waste materials the zigzag sifter 
has proven to be a suitable type of sifter for the separation of light and fibrous 
impurities. 

Separation in a zigzag sifter is based on the following principle, compare Fig. 7. 
The feed material moves downwards on the inclined wall of the sifter channel 
due to gravitation action. At each bend of the sifter channel the material has to 
cross the upward air flow to reach the wall of the opposite side of the channel, 
subject to a cross-flow sifting process. Most of the particles with low 
sedimentation velocity, i.e. the light and fine particles respectively, are separated 
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from the solid flow and lifted to the next zigzag element. Particles with a 
sedimentation velocity close to the fluid velocity rotate in a horizontal vortex. 
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Fig. 7: Separation principle of zigzag sifter 

Fine and coarse product are directed in counter flow, allowing for basically high 
loads. High separation sharpness is achieved by a cascade of several zigzag 
elements. The entire material is successively classified by multiple separations, 
as each zigzag element acts as a separate stage. Zigzag sifters are applicable for 
cut sizes between 0.1 and 10 mm. 

 

1

2

3

4

5

6

7

1.Feed hopper
2.Vibrating feeder
3.Zigzag sifter
4.Bin heavy/coarse product
5.Aerocyclone
6.Bin light/fine product
7.Vacuum cleaner

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1

2

3

4

5

6

7

1.Feed hopper
2.Vibrating feeder
3.Zigzag sifter
4.Bin heavy/coarse product
5.Aerocyclone
6.Bin light/fine product
7.Vacuum cleaner

 

Fig. 8: Experimental setup with laboratory zigzag sifter 
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Therefore the department’s laboratory zigzag sifter was used in the experimental 
investigation of fluff separation, compare Fig. 8. The feed material is dosed to 
the sifter channel (3) via the feed hopper (1) and a vibrating chute (2). Here 
separation takes place within the upward air flow. While the coarse and heavy 
particles fall in to the lower product bin (4), the fine and light particles are 
carried away and are removed from the air flow by an aerocyclone (5). The sifter 
is controlled by the settings of the volumetric air flow (i.e. the flow velocity) 
between 5 and 45 Nm3/h and the vibration intensity of the feeder related to a 
solids throughput of up to 8 kg/h for the present material. Additional technical 
parameters can be taken from Tab. 2. 

Investigation of fluff separation was conducted by systematically varying the 
two control variables. After sampling from a bigbag and sample splitting the 
particle size distribution of the feed was determined. Products from the 
experimental tests were analyzed by mass recovery and particle size distribution 
of the coarse product. Separation efficiency curves could be described as a 
function of particle size thereby ignoring the effect of shape and density. 

 

3. Results from separation tests and discussion 
3.1 Variation of volumetric air flow 

Within the investigation of the effect of the volumetric air flow the solids 
throughput was kept at a constant value of approximately 3.7 kg/h. Fig. 9 shows 
the recovery of the coarse or heavy material respectively as well as the fluff 
material in the fine product. Reducing the air flow results in smaller material 
losses via the fine product. This is connected with a slight shift of the fluff 
fraction < 0.315 mm towards the coarse product, while the effect on the size 
fraction < 0.63 is obviously higher. 
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Fig. 9: Recovery and fluff separation as a function of volumetric air flow 
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To further characterize the separation the separation efficiency curves were 
generated from measured particle size distributions of feed and coarse product 
together with information on coarse material output. For the grade efficiency 
holds: 

( )
FeedFeed,i

CPCP,i
m,i Mm

Mm
xT

⋅
⋅

=     (1) 

with the mean particle size of the i-th sieve fraction 

( ) 2xxx upper,ilower,im,i +=     (2) 

Fig. 10 shows the separation efficiency curve for the constant solids throughput. 
Measuring points which by way of calculation gave values somewhat larger than 
1, where corrected to 1, as the causing agglomerates were of negligible quantity. 
Discontinuities at larger particle sizes occurring at 5 and 10 Nm3/h result from 
the overlapping effects of particle shape and density on the separation. While 
fractions smaller 2.5 mm are mainly granular, the larger fractions visibly contain 
more light and foil-like particles that arrive in the fine / light product flow. 
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Fig. 10: Effect of volumetric air flow on separation efficiency 

From the position of the curves the shift of the cut size towards finer sizes with 
decreasing air flow is clearly recognizable. There is also an effect on the slope of 
the curves, i.e. the separation sharpness. 

For the quantitative comparison of the separation parameters the measured 
separation efficiency curve was approximated in the fine particle size range by a 
Lynch separation function. After data fitting via least square method the 
parameters cut size and separation sharpness could be determined. 

For the Lynch separation function holds [6]: 
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( ) ( )
( ) ( ) 2expxxexp

1xxexpxT
T

T

−α+⋅α
−⋅α
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where 

α slope parameter 
xT separation cut size 

Using the parametrised function the separation cut size xT and the separation 
sharpness κ are calculated from: 

( )5,0TxxT ==      (4) 

( )
( )75,0Tx

25,0Tx
=
=

=κ      (5) 

 

0.00

0.50

1.00

1.50

2.00

2.50

0.0 5.0 10.0 15.0 20.0

volumetric air flow [Nm3/h]

cu
t s

iz
e 

[m
m

]

0.00

0.20

0.40

0.60

0.80

1.00

se
pa

ra
tio

n 
sh

ar
pn

es
s 

[-]

cut size

separation sharpness

 
Fig. 11: Cut size and separation sharpness as a function of volumetric air flow 

Fig. 11 depicts the two variables plotted against the volumetric air flow. With 
decreasing flow velocity of the sifter air the separation cut size decreases 
continuously down to a value of 0.45 mm. 

The curve shape of the separation sharpness on the other hand shows a 
maximum at medium air flows. This is possibly due to the rise in turbulent flow 
processes with increasing flow velocity, leading to an increase of misplaced 
material in the fine and coarse product. On the other hand a decrease of the flow 
velocity changes the broadness of the velocity distribution within the sifter 
channel in such a way that the amplifying effect of different flow velocities at 
the wall collision points of fine and coarse particles is reduced, compare Fig. 12. 
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Fig. 12: Separation process in one element of the zigzag sifter [7] 

 

3.2 Variation of solids throughput 

Contrary to the variation of the volumetric air flow changing the solids 
throughput has only little effect on the mass recovery of the coarse product. 
Fig. 13 depicts the experimental results at a constant air flow of 5 Nm3/h. Also 
the fraction of particles smaller 0.315 mm in the fine product changes 
insignificantly, while the portion smaller 0.63 mm slightly increases with 
decreasing solids throughput. 
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Fig. 13: Recovery and fluff separation as a function of solids throughput 
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Fig. 14 shows the determined separation efficiency curves for different solids 
throughputs. The effect on separation cut size and sharpness is smaller compared 
to the effects of a varying air flow. This impression can be quantified again by 
numerically fitting the separation function to the experimental data as introduced 
in section 3.1. Calculated values for the two parameters plotted against the solids 
throughput are shown in Fig. 15. The separation sharpness throughout reaches 
high values of more than 0.5. 
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Fig. 14: Effect of solids throughput on separation efficiency 
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Fig. 15: Cut size and separation sharpness as a function of solids throughput 
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4. Design and scale-up for industrial application 
4.1 Process design and balancing 

Within the process design for the dry processing plant the original units as 
vibrating screen, screw conveyor and pneumatic conveying system were to be 
integrated. Fig. 16 shows the principal configuration together with the zigzag 
sifter. Different process structures result from the following considerations: 

 Instead of exhausting the sifter air the air flow can be circulated in a closed 
loop (compare dashed line). The operation with air circulation is advisable 
with respect to the otherwise high amounts of exhaust air. 

 Keeping the practical value for the maximum solids load of the sifter air, it 
could be beneficial to have several sifter channels in parallel, e.g. if there are 
restrictions regarding the maximum headroom or for flexibility reasons in 
respond to changes of the throughput. 
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Fig. 16: Draft flowsheet 

The processing plant’s capacity is determined by the injection capacity of the 
downstream injection plant of 8000 kg/h of granulate. Because of the expected 
high volume of air the sifter air can not be taken from the cold blast. Instead a 
separate compressor unit is necessary. For dimensioning the sifter plant 
information on the solids mass flows to the individual components were 
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necessary. The balancing of operation was performed assuming linear partition 
coefficients to describe the separation behaviour of sifter, vibrating screen, 
aerocyclone and bag filter: 

 95 % of the sifter feed enter the heavy/coarse product. 

 3 % of the screen feed enter the oversize fraction. 

 85 % of the light/fine product from the sifter are removed by the 
aerocyclone. 

 98 % of the solids leaving the aerocyclone are removed by the filter. 

Tab. 1 summarizes the balancing results. For the design case with two identical 
sifters in parallel the flows are divided in half, as for each sifter channel there 
has to be a separate dust collection. With respect to the solids load of the 
circulating air it can be presumed that the circulating load first increases, and 
when exceeding a limiting load significantly decreases again. 

Tab. 1: Balanced material flows [kg/h] 

Stream 1 Sifter 2 Sifters 

Feed 8.680,41 4.340,21 

Sifter coarse/heavy 8.247,63 4.123,81 

Sifter fine/light 434,09 217,04 

Product to injection 8.000,20 4.000,10 

Screen oversize product 247,43 123,71 

Aerocyclone dust 368,97 184,49 

Filter feed 65,11 32,56 

Filter dust 63,81 31,91 

Solids recycle (via air 
circulation) 

1,30 0,65 

 

4.2 Estimation of process and design parameters 

Bench scale test showed that fluff separation from granulated plastic waste using 
a zigzag sifter is feasible with a good quality and small losses of compact 
particles at a theoretical cut size xT = 0.45 mm. The volumetric air flow 
determines the separation cut size as well as the separation sharpness. To shift 
the separation towards the fine sizes the corresponding air velocity in the sifter 
channel has to be small. As the separation sharpness decreases with decreasing 
air velocity, the volumetric air flow should not go below 5.0 Nm3/h at bench 
scale. In the tests conducted the effect of solids throughput on the efficiency of 
the separation was comparatively smaller. For a solids mass flow higher 5.0 kg/h 
the laboratory sifter started to choke. 
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Hence the starting point for scale-up was a volumetric air flow of 5.0 Nm3/h and 
a solids throughput of 5.0 kg/h, i.e. ratio of solid mass flow to sifter air of 1, 
which is the common value for the zigzag sifter. Other characteristics to be used 
in scale-up were the mean air flow velocity related to the solid-free channel 
(empty conduit air velocity) and the solid throughput related to the channel cross 
sectional area.  

To transfer the bench scale test results (index “model”) to the industrial full 
scale (index “fullscale”) several similarity relations had to be considered, 
described by dimensionless characteristics, where as a rule not all requirements 
can be met at the same time. For the scale-up of the zigzag sifter the following 
relations are relevant [8]: 

(i) Geometrical similarity 

For preservation of geometric similarity between model and full scale equipment 
all dimensions have to be scaled using the same scaling factor m = constant, i.e. 

ttanconsm
t
t

b
b

h
h

H
H

fullscale

elmod

fullscale

elmod

fullscale

elmod

fullscale

elmod =====   (6) 

From geometric similarity also identical values for the channel angle β and the 
number of elements result. With a view to choking the following relation 
between particle dimensions and channel geometry has to be considered: 

ttancons
h
l

elementoneofheight
ensiondimparticleimummax

Ki

P ==   (7) 

(ii) Physical similarity 

All material properties (fluid density, fluid viscosity, mean particle density) have 
to be changed with the same ratio 

ttancons
fullscale,Fluid

elmod,Fluid

fullscale,Fluid

elmod,Fluid

fullscale,P

elmod,P =
η
η

=
ρ
ρ

=
ρ
ρ

 or 
fullscale,Fluid

fullscale,P

elmod,Fluid

elmod,P

ρ
ρ

=
ρ
ρ

(8) 

(iii) Dynamic similarity 

Ratio of velocities: 

ttancons
v

w
velocityairconduitempty

velocityentationdimseparticle s ==   (9) 

with 

( )
FluidW

FluidPPP
s cA

gAd2w
ρ⋅⋅

ρ−ρ⋅⋅⋅⋅
=    (10) 

where 

wS particle sedimentation velocity [m/s] 

A particle cross sectional area [m2] 

AP product of the two maximum particle dimensions [m2] 
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dp particle thickness [m] 

g gravitational acceleration [m/s2] 

cW drag coefficient [-] 

ρ density [kg/m3] 

Remark: particle cross sectional area, particle thickness and size, particle density 
as well as the drag coefficient are distributed attributes. 

Solids load of sifter air: 

ttancons
V
M

flowairvolumetric
flowassmsolids

Air

s ==
&

&
   (11) 

Channel Reynolds number: 

forcefriction
forceinertiabv

Re
Fluid

Fluid ≡
η

ρ⋅⋅
=    (12) 

In the following these basic relations for scaling were used to calculate estimate 
values for the relevant process and design parameters. The consideration was 
based on the following assumptions: 

 Fluid = air at standard state 

 Solid = granulated plastic waste as used in the tests 

 Necessary solids throughput for 8,000 kg/h product = 8,700 kg/h 

 Theoretical cut size xT = 0.45 mm 

Tab. 2: Process and design parameters (per sifter channel) 

 Lab 1 Sifter 2 Sifters 

Input mass flow [kg/h] 5 8,700 4,350 

Volumetric air flow [Nm3/h] 5 8,700 4,350 

Empty conduit air velocity [m/s] 0.9645 0.9645 0.9645 

Cross sectional area [m2] 0.00144 2.506 1.253 

Channel width b [m] 0.040 1.23 0.87 

Channel depth t [m] 0.036 2.04 1.45 

Channel height H [m] 1.00 4.09 2.89 

Number of elements n [-] 20 5 4 

Number of sifter stages n-1 [-] 19 4 3 

Height of one element h [m] 0.05 0.82 0.72 

Channel angle β [°] 120 120 120 

Total compressor rating [kW] - approx. 25 approx. 12 
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In Tab. 2 the results of the laboratory sifter are compared with the two variants 
having one sifter channel or two sifter channels in a parallel circuit respectively. 
The compressor rating was roughly calculated on the basis of the necessary 
volumetric air flow and estimated values for the pressure losses within the sifter 
components. 

 

5. Conclusions 
At the Department for Mechanical Process Engineering & Solids Processing the 
separation of fluff from granulated waste plastics has been investigated. 
Founded on particle analysis dry processing by means of a zigzag sifter could be 
identified as an appropriate separation process. 

Subsequently fluff separation was investigated in systematic tests at bench scale, 
approving the good suitability of the zigzag sifter. The resulting product stream 
could be cleaned from fluff by moving more than 90% of the small, fibrous 
particles < 0.315 mm to the sifter fine product, connected with a material loss in 
the granular material of 4 to 6 % due to non-sharp separation. 

On the basis of separation efficiency and mass recovery the material flows were 
then balanced. Meeting the required product amount of 8.000 t/h the solids 
throughput as well as the relevant process and design parameters for an 
industrial scale zigzag sifter were estimated. 

 

References 

[1] J. Buchwalder, K. Scheidig, M. Schingnitz and P. Schmöle: Results and 
Trends on the Injection of Plastics and ASR into the Blast Furnace, ISIJ 
International 46 (2006) No. 12, pp. 1767 - 1770 

[2] F. Sasse and G. Emig: Chemisches Recycling von Kunststoffen, Chemie-
Ingenieur-Technik 70 (1998) No. 3, p. 233 - 245 

[3] J. Demeter: Im Fokus: Kunststoffe und Umwelt, BASF Seminar, 2005 

[4] Y. Ogaki, K. Tomioka, A. Watanabe, K. Arita, I. Kuriyama and T. 
Sugayoshi: Recycling of Waste Plastic Packaging in a Blast Furnace 
System, NKK Technical Review No. 84, 2001 

[5] Nehlsen AG: Product brochure “Kunstoffaufbereitung”, 2008 

[6] A.J. Lynch: Mineral Crushing and Grinding Circuits, Elsevier Scientific, 
Amsterdam-Oxford-New York, 1977 

[7] F. Kaiser: Der Zickzack-Sichter – ein Windsichter nach neuem Prinzip, 
Chemie-Ingenieur-Technik 35 (1963) No. 4, p. 273 - 282 

[8] G.G. Rosenbrand: The Separation Performance and Capacity of ZigZag 
Air Classifiers at High Particle Feed Rates, Dissertation TU Eindhoven, 
1986 



 18

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages 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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


