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Abstract−The transport velocity (utri) in an inclined fluidized-bed was investigated by varying the bed angle relative
to the horizontal plane (0o-90o), the particle diameter (0.021-0.925 mm), and density (1,272-4,503 kg/m3). This study
employed the emptying time method to determine the transport velocity. The transport velocity for the vertical fluid-
ized-bed (utr90) was revealed to increase appreciably with the aspect ratio of the fluidized-bed. The transport velocity
decreased as the bed angle increased. The ratio of the transport velocity to that for the vertical bed (utri/utr90) decreased
with an increase in either the bed angle or the ratio of the particle diameter (dp) to the critical particle diameter (dp

*),
i.e., the maximum particle diameter at which the sum of the interparticle adhesion forces had a dominant influence on
particle entrainment. Correlations for the transport velocity according to the bed angle relative to the horizontal plane
were proposed successfully, based on the experimental data.
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INTRODUCTION

A fluidized-bed inclined relative to the vertical axis can be ap-
plied as an inclined standpipe or an inclined riser in a pneumatic
conveying system. The multistage fluidized-bed process used for
reducing iron ore has an inclined standpipe between two consecu-
tive bubbling fluidized-beds. The standpipe is a simple pipeline
without any mechanical and nonmechanical valves in it. The solid
reactant descends from the upper reactor to the lower one through
the standpipe, and the gas reactant coming out of the cyclone in
the lower reactor enters the upper reactor through the plenum and
distributor as a fluidizing gas. The inlet of the inclined standpipe is
located at the surface level of the upper fluidized-bed and the out-
let in the bottom of the lower fluidized-bed. The particles of the
upper bed enter the inlet by overflow, and part of the reactant gas
entering the outlet from the lower bed ascends the standpipe as a
countercurrent to the solids’ flow. Under this condition, the gas veloc-
ity in the standpipe should be controlled to be lower than the trans-
port velocity of the solids to maintain the solids’ seal and eventually
keep the process from shutting down by the bypass of the fluidiz-
ing gas. Youn and Choi [1] investigated the maximum permissible
fluidizing velocity of the lower bed for a standpipe to work safely in
a laboratory-scale two-stage bubbling fluidized-bed model at room
temperature and pressure and proposed a correlation for it. How-
ever, they could not reveal the gas velocity in the standpipe.

Another example of an inclined fluidized-bed is the inclined riser
in a pneumatic conveying system. The solid product from the mul-
tistage fluidized-bed process for reducing iron ore is sent to the stor-

age from the bottom of the lowest fluidized-bed through an inclined
riser. This operation uses a part of the reactant gas in the bed as
the conveying gas, and thus the flow rate of this gas should be mini-
mized. Under similar conditions, the inclined riser is used as a part
of the pneumatic transport of particles from one reactor to another
in fluid catalytic cracking (FCC) and fluid coking processes [2]. In
the design of a pneumatic conveying pipeline, which generally con-
sists of horizontal and vertical sections having the same pipe size,
the minimum flow rate of the conveying gas is governed by the
gas velocity of the horizontal section because the minimum gas
velocity required for the horizontal section is usually greater than
that for the vertical section. Then, the gas flow rate is excessive to
the minimum required rate for the vertical section. One may con-
sider increasing the gas velocity in the horizontal section by em-
ploying the diameter of the horizontal section smaller than that of
the vertical one at the minimum gas flow rate for the vertical sec-
tion. However, it results in potential issues such as high pressure
drop, solid degradation, or pipe erosion in the line. The minimum
gas velocity for the inclined riser lies between the gas velocities for
the vertical and the horizontal risers. Therefore, an inclined riser is
preferable to reduce the excess gas flow rate and eliminate the above-
mentioned issues.

However, no basic studies have measured the minimum gas veloc-
ity required to transport particles in an inclined fluidized-bed, unlike
in the case of a vertical fluidized-bed. In a vertical fluidized-bed,
the transport velocity was studied as the transition velocity between
the low-velocity fluidization at which most particles stay in the bed
and the transport operation of particles [3-17], which refers to the
minimum velocity for the transport mode of fluidization. Several
correlations for the velocity as a function of the gas and particle
properties have also been reported in literature [10,11,14,16,18,19].
The transport velocity increased with either the particle size or the
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particle density; however, it was considered independent of col-
umn dimensions such as the diameter and height [20]. Under the
precondition that most solids left in the pipeline at accidental shut-
down must be cleaned easily by gravity, the angle of the standpipe
and riser relative to the horizontal plane should be larger than the
repose angle of particles. At this column angle, the resistance against
particle transport mainly comes from gravity along with the addi-
tional minor effects of interparticle adhesion forces. Then, the mini-
mum transport velocity at the condition (utri) can be approximated
as a property equal to that in the vertical fluidized-bed (utr90) to
apply the same method as that used in the measurement of utr90

for determining utri.
We investigated the characteristics of the transport velocity in

the inclined fluidized-bed. The emptying time method proposed
by Han et al. [7] for the vertical fluidized-bed was employed to deter-
mine the transport velocity, and the variations of the particle size
and density and the angle of the fluidized-bed were considered as
experimental variables at ambient temperature and pressure.

EXPERIMENTAL

The experimental setup consisted of a compressor, a mass flow
meter controller, a fluidized-bed (inner diameter: 0.05 m, height:
1 m), a bag filter, and a data logger connected to a differential pres-
sure transducer (Fig. 1). The fluidized bed was made of transpar-
ent Plexiglas and inclined with an angle to the horizontal plane.
Air was used as the fluidizing gas, and its flow rate was set by a
mass flow meter controller. A differential pressure transducer was
used to measure the axial pressure drop in the fluidized-bed.

The bed materials were ten groups of particles (plastic, spent FCC
catalyst, glass beads (GB) of different sizes, sand and iron ore) de-
fined narrowly in size and classified as Geldart’s type A, B, and D
particles (see Table 1) [21]. The repose angles (θr) of the particles
were determined according to the fixed funnel method [22]. The
repose angle of the glass beads seemed to show a minimum about
the mean diameter of 0.167 mm as the particle size increased, as
also reported by Kang [23]. Table 1 also shows the terminal veloc-

ity calculated by the correlation of Haider and Levenspiel [24], and
critical particle diameter (dp

*), i.e., the maximum particle diameter
at which the sum of the interparticle adhesion forces had a domi-
nant influence on particle entrainment [25,26]. The critical parti-
cle diameter dp

* in meters was given by Ma and Kato [25] as

dp
*=0.101/(gρs

0.731) (1)

In Eq. (1), g is the gravitational acceleration (9.8 m/s2) and ρs,
the apparent particle density in kg/m3. The mean diameters (dp) of
all particles except GB-21 and plastic were greater than the critical
diameter. The transport velocity (utri) of GB-21 was expected to be

 Table 1. Particle properties

Bed angle
[degree] Particles

Specific surface
mean diameter

(dp) [µm]

Apparent
density
[kg/m3]

Repose angle
[degree] [22]

Geldart’s
Classification

[21]

Terminal
velocity

[m/s] [24]

Critical particle
diameter (dp

*)
[µm] [25]

0-90 GB-21 021 2364 29 A 0.03 35.3
GB-40 040 2440 25 A 0.11 34.4
GB-167 167 2374 22 B 1.27 35.2
GB-295 295 2416 24 B 2.27 34.7
GB-646 646 2418 24 B/D 4.98 34.7
GB-925 925 2523 24 D 7.33 33.6
Spent FCC 092 1470 31 A/B 0.38 49.9
Sand 079 2591 30 A 0.49 33.0
Iron ore 075 4503 28 B 0.77 22.0

90 Plastic 050 1272 36 A 0.10 55.5
GB: glass bead

Fig. 1. Experimental set-up.
1. Compressor 06. Bag filter
2. Valve 07. Pressure taps
3. Flow meter 08. Pressure transducer
4. Bypass to bag filter 09. Data logger
5. Inclined fluidized-bed 10. Personal computer
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appreciably dependent on the interparticle adhesion forces. In fact,
the interparticle adhesion forces evidently influenced the flow char-
acteristics of GB-21, GB-40, FCC and sand particles for fluidized-
bed angles smaller than the repose angle of the particles.

The transport velocity was determined at ambient temperature
and pressure by the emptying time method [7], which measured
the time required for transporting all bed particles out of the fluid-
ized-bed at a given gas velocity. The experimental procedure is as
follows: (1) initially, place 0.4 kg of particles in the bed; (2) set the
rate of gas to flow to the bag-filter through the gas line bypassing
the fluidized-bed; (3) switch the gas flow into the fluidized-bed instan-
taneously to transport the particles out of the bed; and (4) during
the series of operations, measure the pressure drop between the
bottom of the bed and the gas exit using the pressure transducer.

The fluidizing gas initiated the transport of particles by produc-
ing a peak bed pressure drop and finished it when the bed pres-
sure drop leveled off after a decrease to a minimum. Although the
peak pressure drop decreased as the angle of the fluidized-bed rel-
ative to the horizontal plane decreased, the emptying time method
was valid without particle dunes in the bottom of the flow cross
section at bed angles greater than the repose angle of the particles.
The swarm of particles moved up and down repeatedly, decreas-
ing in size until it finally disappeared upon reaching the minimum
bed pressure drop. However, at bed angles lower than the repose
angle of the particles, some particle dunes remained for a long time
after the bed pressure drop reached its minimum. The bed pres-
sure drop was no longer valid to indicate the relative bed inven-
tory of solids and thus, a visual observation was used as an alternative
to determine the emptying time. The gas velocity was the superfi-
cial velocity defined as the volumetric flow rate divided by the cross-
sectional area of the vertical column. The particle diameter and
density and the angle of the fluidized-bed relative to the horizon-
tal plane were considered as experimental variables.

RESULTS AND DISCUSSION

Fig. 2 shows the emptying times measured with variations of
the particle size and angle of the fluidized-bed. Initially, the empty-
ing time decreased rapidly, but gradually later on as the gas veloc-
ity, i.e., the drag force acting on the particles, increased. The transport
velocity was then determined at the intersection of two straight lines
fitting the steeply and the slowly decreasing trends, respectively [7].

Fig. 3 shows the transport velocity measured in the vertical flu-
idized-bed (utr90) in this study. utr90 increased exponentially with
particle size and density as usual [6,7,14,17] owing to an increase

in the gravitational force acting on a single particle. Previous stud-
ies proposed relationships between the particle Reynolds number
(Retr90=dputr90ρg/μ) at utr90 and the Archimedes number (Ar=gdp

3ρg

(ρs−ρg)/μ2), as listed in Table 2 [10,11,14,16,18,19]. However, the
size of the fluidized-bed seemed to affect Retr90 appreciably, and
based on experimental data from present and previous studies [3-
19], Retr90 is written as:

Retr90=0.458Ar0.482(Ht/dt)0.357 (2)

The regression coefficient (r2) is 0.988. The exponent of Ar is very

Fig. 2. Estimation of transport velocity of particles.

Fig. 3. Effect of particle diameter on transport velocity in vertical
fluidized-beds.

Table 2. Existing correlations on transport velocity
Authors Correlations Applicable range
Lee and Kim [10] Retr90=2.91Ar0.354 1.22×102<Ar<5.7×104

Perales et al. [11] Retr90=1.41Ar0.483 5×102<Ar<2×105

Adanez et al. [14] Retr90=2.08Ar0.463 4.5×102<Ar<6.2×104

Smolders and Baeyens [16] Retr90=1.75Ar0.468 1<Ar<105

Bi and Fan [18] Retr90=2.28Ar0.419 1.25×102<Ar<1.45×105

Bi and Grace [19] Retr90=1.53Ar0.50 2<Ar<4×106
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similar to that of the correlation of Perales et al. [11]. Fig. 4 con-
firms that Retr90 increases significantly with the aspect ratio of the
fluidized-bed. To investigate the details of this effect, further exper-
imental studies are needed in the future. Fig. 5 and Table 3 show a
comparison between the correlations and utr90 measured in this and
previous studies [3-19]. The correlation in Eq. (2) agrees with the
data from present and previous studies better than other correlations,
based on the average relative deviation (ARD) calculated by Eq. (3).

(3)

Fig. 6 shows the transport velocity (utri) measured with variations
of particle size and density at different angles of the fluidized-bed.
utri increased as the bed angle relative to the horizontal plane de-
creased. This resulted from the decreasing vertical component of
the gas velocity as the angle decreased. Appreciable increases ap-
peared in utri of GB-21, GB-40, sand, and FCC particles as the bed
angle decreased from 30o to 20o. The increase for GB-21 was cer-
tainly attributed to interparticle cohesive forces because of the mean
particle diameter being smaller than the critical particle diameter
[25], as shown in Table 1. A similar effect was somewhat suspected
for GB-40, sand, and FCC particles, although the mean size of each
particle group was greater than its own critical diameter. However,
the effect was negligible for particles greater than 0.167 mm in size.
During the transport of particles in this size range, an individual
particle was observed rolling up the column wall in the bottom of

the cross section without adhesion behavior even at a bed angle
smaller than the repose angle of particles.

Fig. 7 shows the ratio of the transport velocity measured at an
angle to that at 90o. It is convenient to discuss utri in a ratio form
with utr90 because utri originates in utr90 and the correlation in Eq.
(2) can give utr90. utr90 measured in this study was used to set the
ratio of utri/utr90 to the same experimental standard. The ratio of utri

to utr90 seemed to decrease as either the angle of the fluidized-bed
or the ratio of the particle diameter to the critical particle diame-
ter increased. The decreasing slope of each particle group greater
than 0.167 mm in mean diameter was fairly gradual for the pres-
ent range of angles. The effect of the sum of the interparticle adhe-
sion forces on utri/utr90 appeared to be negligible for dp/dp

* ratios
greater than 8.5 as the rolling effect governed particle transport at
angles smaller than 30o. However, the decreasing slopes of GB-21,
GB-40, sand, and FCC particles indicated three different trends
according to the angular ranges. The transport velocity of the ver-
tical bed (utr90) seemed to mainly affect utri for bed angles greater
than the repose angle of particles (θr), and that of the horizontal
bed (utr0) had the same effect for bed angles smaller than θr. There
is a transition region in the trend of utri nearby the bed angle equal
to θr. To describe the trend of utri with proper correlation, the angu-
lar effect was considered separately in two different ranges: from

ARD = 

Retr90, mea − Retr90, cal

Retr90, mea
------------------------------------------------

⎝ ⎠
⎛ ⎞

ii

N
∑

N
-----------------------------------------------------------

Fig. 4. Effect of aspect ratio of the fluidized-bed on Retr90.

Fig. 5. Retr90 versus Archimedes number.

Fig. 7. Effects of particle diameter and angle of the fluidized-bed
on utri/utr90.

Fig. 6. Effects of particle property and angle of the fluidized-bed
on transport velocity.
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zero to less than the repose angle (0o-20o) and from near the repose
angle to 90o (30o-90o).

The transport velocity measured in the horizontal column is rep-
resented by the Reynolds number, Archimedes number, and a di-
mensionless particle diameter as (see Fig. 8(a)):

Retr0=10.2 Ar0.310 (dp/dp
*)0.145 (4)

The regression coefficient is 0.991. Similarly, the ratio utri/utr0 or
utri/utr90 in each angular range is written as (Fig. 8(b), (c))

(utri/utr0)=1+bθ for 0o<θ [o]<20o (5)

where

b=−0.0105+0.0013ln(Ar)−0.00206ln(dp/dp
*) (6)

The regression coefficient is 0.737.

(utri/utr90)=(θ/90)n for 30o<θ [o]<90o (8)

where

n=−1.09+0.262ln(dp/dp
*) (9)

The regression coefficient is 0.994. The utri between 20o and 30o is
determined proportionally by interpolation between utr20 and utr30.
To predict utri, Eqs. (4) to (6) are recommended for bed angles be-
tween 0o and θr−5o, Eqs. (2), (8), and (9) are recommended for bed
angles between θr+5o and 90o, and linear interpolation is recom-
mended between utris at θr−5o and θr+5o for bed angles between
θr−5o and θr+5o.

Fig. 9 shows the comparison between the measured and the cal-
culated transport velocities. The present correlations agreed with
the measured data within an average relative error of 17.3%. How-
ever, the application of the present correlations is limited to the fol-
lowing ranges: 21<dp [µm]<925, 1,470<ρs [kg/m3]<4,503, 0.6<dp/
dp
* [-]<27.5, 0.05<dt [m]<0.2, 1<Ht [m]<8.5, 8<Ht/dt [-]<112, and

0o<θ [o]<90o. To investigate effects of other variables relating to gas
properties such as the gas density and viscosity, further studies will
be needed in the future.

CONCLUSIONS

The transport velocity in an inclined fluidized-bed was investi-
gated by varying the particle diameter and density and the bed angle
relative to the horizontal plane, and the following conclusions were
derived. The transport velocity for the vertical fluidized-bed (utr90)
was found to increase significantly with the aspect ratio of the flu-
idized-bed. The transport velocity (utri) decreased as the angle of
the fluidized-bed increased. The ratio of the transport velocity to
the transport velocity of the vertical fluidized-bed (utri/utr90) also
decreased as either the angle of the fluidized-bed or the ratio of

Fig. 8. Plots for correlations: (a) Eq. (4), (b) Eq. (6), and (c) Eq. (9).

Fig. 9. Comparison of utri between measured and calculated by pres-
ent correlations.
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particle diameter (dp) to critical particle diameter (dp
*) increased.

Correlations for the transport velocity according to the bed angle
relative to the horizontal plane were proposed successfully, based
on the experimental data.
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NOMENCLATURE

Ar : Archimedes number, ρgdp
3(ρs−ρg)g/μ2 [-]

b : constant [1/degree]
dp : specific surface mean particle diameter [m]
dp
* : critical particle diameter, i.e. the maximum particle diame-

ter at which the sum of interparticle adhesion forces influ-
ence dominantly in particle entrainment [m]

dt : column diameter [m]
g : gravitational acceleration, 9.8 [m/s2]
Ht : column height [m]
N : number of data [-]
n : exponent [-]
Retr0 : Reynolds number for utr0, dputr0ρg/μ [-]
Retr90 : Reynolds number for utr90, dputr90ρg/μ [-]
utr90 : transport velocity for the vertical fluidized-bed [m/s]
utr0 : transport velocity for the horizontal bed [m/s]
utri : transport velocity for the fluidized-bed inclined to the hori-

zontal plane with angle i in degree [m/s]

Greeks
θ : angle of the fluidized-bed inclined to the horizontal plane

[degree]
θr : repose angle of particles [degree]
μ : gas viscosity [Pa s]
ρg : gas density [kg/m3]
ρs : particle density [kg/m3]

Subscripts
cal : calculated
mea : measured

REFERENCES

1. P. S. Youn and J.-H. Choi, Korean Chem. Eng. Res., 52, 81 (2014).
2. D. Kunii and O. Levenspiel, Fluidization engineering, 2nd Ed., But-

terworth-Heinemann, Boston (1991).
3. J. Yerushalmi and N. T. Cankurt, Powder Technol., 24, 187 (1979).
4. Y. Li and M. Kwauk, in Fluidization, J. R. Grace and J. M. Matsen

Eds., Plenum Press, New York, 537 (1980).
5. A. A. Avidan and J. Yerushalmi, Powder Technol., 32, 223 (1982).
6. B. C. Shin, Y. B. Koh and S. D. Kim, Korean Chem. Eng. Res., 20,

253 (1984).
7. G. Y. Han, G. S. Lee and S. D. Kim, Korean J. Chem. Eng., 2, 141

(1985).
8. M. Horio, H. Ishii and M. Nishimuro, Powder Technol., 70, 229

(1992).
9. D. C. Chesonis, G. E. Klinzing, Y. T. Shaah and C. G. Dassori, Ind.

Eng. Chem. Res., 29, 1792 (1990).
10. G. S. Lee and S. D. Kim, Powder Technol., 62, 207 (1990).
11. J. F. Perales, T. Coll, M. F. Llop, L. Puigjaner, J. Arnaldos and J. Casal,

in Circulating Fluidized Bed Technology III, P. Basu, M. Horio and
M. Hasatani Eds., Pergamon Press, New York, 73 (1991).

12. H. Ishii and M. Horio, Adv. Powder Technol., 2, 25 (1991).
13. T. Hirama, H. Takeuchi and T. Chiba, Powder Technol., 70, 215

(1992).
14. J. Adanez, L. F. de Diego and P. Gayan, Powder Technol., 77, 61

(1993).
15. W. Namkung, S. W. Kim and S. D. Kim, Chem. Eng. J., 72, 245

(1999).
16. K. Smolders and J. Baeyens, Powder Technol., 119, 269 (2001).
17. N. Balasubramanian, C. Srinivasakannan and C. A. Basha, Adv.

Powder. Technol., 16, 247 (2005).
18. H. T. Bi and L. S. Fan, AIChE J., 38, 297 (1992).
19. H. T. Bi and J. R. Grace, Int. J. Multiphase Flow, 21, 1229 (1995).
20. B. Du, W. Warsito and L. S. Fan, Ind. Eng. Chem. Res., 45, 5384

(2006).
21. D. Geldart, Powder Technol., 7, 285 (1973).
22. W. C. Yang, in Handbook of Fluidization and Fluid-Particle Systems,

W. C. Yang Eds., Marcel Dekker, New York, Chapter 1, 26 (2003).
23. S. H. Kang, Powder Technology, Hee Joong Dang, Seoul, Korea,

122 (1995).
24. A. Haider and O. Levenspiel, Powder Technol., 58, 63 (1989).
25. X. X. Ma and K. Kato, Powder Technol., 95, 93 (1998).
26. J. Li and K. Kato, Powder Technol., 118, 209 (2001).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /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 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 /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /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 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /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 800
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /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 <>
    /PTB <>
    /SUO <>
    /SVE <>
    /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.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
  /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 [2834.646 2834.646]
>> setpagedevice


