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Industrial reactors are mainly classified into stir-
red tank reactors and column reactors. In biochemical
processes, column reactors replace the stirred tank
reactors for their advantages, like mild agitation and
oxygen transfer. Among different configurations of
three-phase column reactors, the advantages of three-
-phase combined loop airlift fluidized bed reactors
over three-phase fluidized bed reactor and other con-
figuration of airlift reactors are that they require lower
liquid flow rate for complete suspension of solid. Apart
from this, the external loop airlift reactor provides
good contact among the phases, easy removal of par-
ticles, rapid mixing, reasonable interface mass trans-
fer rates and easier scale up. In the combined loop
reactor, a draft tube is inserted into the column and a
separate tube is put side by side and connected at the
top and bottom of the column. The draft tube acts as

Correspondening author: S. Venkatachalam, Department of Food
Kongu Engineering College, Perundurai, Erode-

Technology,
638052, TN, India.

E-mail: drvsivakumar@yahoo.com
Paper received: 1 April, 2011
Paper revised: 16 June, 2011
Paper accepted: 16 June, 2011

£ Available on line at
. h Association of the Chemical Engineers of Serbia AChE
1 @ www.ache.org.rs/CICEQ

Chem. Ind. Chem. Eng. Q.17 (3) 375-383 (2011)

CI&CEQ

PREDICTION OF GAS HOLD-UP IN A
COMBINED LOOP AIR LIFT FLUIDIZED BED
REACTOR USING NEWTONIAN AND
NON-NEWTONIAN LIQUIDS

Many experiments have been conducted to study the hydrodynamic characte-
ristics of column reactors and loop reactors. In this present work, a novel
combined loop airlift fluidized bed reactor was developed fo study the effect of
superficial gas and liquid velocities, particle diameter, fluid properties on gas
holdup by using Newtonian and non-Newtonian liquids. Compressed air was
used as gas phase. Water, 5% n-butanol, various concenirations of glycero/
(60 and 80%) were used as Newtonian liquids, and different concentrations of
carboxy methyl cellulose aqueous solutions (0.25, 0.6 and 1.0%) were used as
non-Newtonian liquids. Different sizes of spheres, Bearl saddles and Raschig
rings were used as solid phases. From the experimental results, it was found
that the increase in superficial gas velocity increases the gas holdup, but it
decreases with increase in superficial liquid velocity and viscosity of liquids.
Based on the experimental results a correlation was developed to predict the
gas hold-up for Newtonian and non-Newtonian liquids for a wide range of ope-
rating conditions at a homogeneous flow regime where the superficial gas ve-
locity is approximately less than 5 cm/s.

Key words: combined loop airlift fluidized bed reactor; gas hold-up, Newtonian
liquids,; non-Newtonian liquids.

a riser, through which compressed gas is passed, and
the annulus of the column and external tube act as
down comers. The presence of the internal draft tube
in an external loop three phase fluidized bed reactor
provides more liquid circulation, which enhances the
mixing between fluids and particles. The liquid inside
of the column circulates when there is density diffe-
rence between the riser and down comers. This reac-
tor configuration provides a well distributed shear
stress, self induced circulation, improved mixing and
heat transfer characteristics provide a more advanta-
geous environment for biological processes, slow re-
actions like oxidation and chlorination [1-3].

Klein et al. [4] studied the influence of a gas-
liquid separator on the hydrodynamic characteristics
in an internal loop airlift reactor. At low air flow rates,
the gas-liquid separator had no influence on liquid cir-
culation velocities and gas holdup in the down comer
and separator, whereas at higher velocities, separator
design had strong influence on the gas holdup and
liquid circulation velocity in the down comer and the
separator. Blazej et a/. [5] studied the circulation velo-
city, overall riser and down comer gas holdup using

375



S. VENKATACHALAM et a/: PREDICTION OF GAS HOLD-UP IN A COMBINED LOOP AIR LIFT...

CI&CEQ 17 (3) 375-383 (2011)

three airlift reactors of different scale. Based on the
results, they suggested using a larger reactor volume
to avoid unfavorable influence of wall effects on gas
holdup. Kilonzo et al. [6] studied the influence of baf-
fle clearance on the liquid circulation velocity, gas
hold-up and pressure drop in a two riser rectangular
airlift reactor with inverse internal loop and expanded
gas-liquid separator using different concentrations of
CMC solutions and developed gas holdup and liquid
circulation velocity correlations using experimental
data based on dimensional analysis. Bentifraouine et
al. [7] studied the hydrodynamics of external loop
airlift reactor using Newtonian and non-Newtonian li-
quids and they found that for highly viscous non-New-
tonian solutions, the gas flow was strongly influenced
by the gas distributor. Law et a/. [8] studied the gas-
-liquid flow dynamics of external airlift reactor using a
Eulerian-Eulerian ensemble averaging method and
they found that the 2D simulation predicted the growth
of bubble in the down comer of the external loop airlift
reactor. Liu et a/. [9] studied the effects of the super-
ficial gas velocity and liquid level in the gas-liquid se-
parator on the liquid dispersion coefficient and deve-
loped a model and a good agreement with experi-
mental results. Choi et al. [10] studied the influence of
unaerated liquid height on the hydrodynamic charac-
teristics of external loop airlift reactor and found that
liquid height, superficial gas velocity and down comer
to riser cross section area ratio had strong influence
on the hydrodynamic characteristics of the airlift
reactor. Though detailed hydrodynamic studies have
been carried out using internal loop [11-14] and ex-
ternal loop separately [15-18], to date no work has
been carried out to study the influence of fundamental
and operating variable on gas holdup of airlift com-
bined loop configuration using Newtonian and non-
-Newtonian liquids. Since combined loop reactors are
gaining application in the area of bioprocessing and
effluent treatment application, it is a vital need to the
study the influence of fundamental and operating va-
riables such as phase velocities, particle size and
shape and physical properties of liquids on the design
parameter such as gas holdup for using Newtonian
and non-Newtonian liquids. Hence, in this present
work an attempt has been made to study the influ-
ence of superficial liquid and gas velocities, particle
diameter and sphericity, physical and rheological pro-
perties of Newtonian and non-Newtonian liquids on
gas hold-up and to develop a dimensionless corre-
lation to determine the gas holdup from the funda-
mental and operating variables using a three-phase
combined loop airlift reactor.
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MATERIALS AND METHODS

All the experiments were carried out in a com-
bined loop airlift fluidized bed reactor made up of a
Perspex column with 0.15 m inner diameter and 1.63
m height, with a flat bottom and draft tube 1.54 m in
height with 0.084 m diameter. An external down
comer connected at the top and bottom of the column,
as shown in Figure 1. This reactor is divided into
three zones; gas sparged riser, an unsparged down
comer, a degassing zone at the top of the column
removes gas bubbles from the riser. The bottom
clearance between draft tube and gas distributor was
0.09 m and the top clearance between the free-gas
liquid level and the draft tube was 0.12 m. Air was
sparged through a triangular pitch sparger which was
0.08 m in diameter with 180 holes of 0.0008 m dia-
meter each located slightly below the perforated plate.
The gas holdup in riser creates a density difference
between the riser and down comers induces liquid cir-
culation. This liquid circulation that enhances heat
and mass transfer between phases depends on the
gas hold-up, which is major hydrodynamic parameter
for scale up. The gas flow rate was measured by ca-
librated rotameters with an accuracy of +2%. The
properties of the liquids were measured at room tem-
perature. The densities of the liquids were measured
with a specific gravity bottle and the rheological pro-
perties of non-Newtonian liquids were measured by
using Brookfield rheometer (Model LVDV-II+). The
superficial gas and liquid velocities were calculated
by volumetric flow rate of the fluids divided by cross
sectional area of the column (0.15 m). Superficial gas
velocities were varied from 0.000142 to 0.005662
m/s. Superficial liquid velocities were varied from
0.001 to 0.12 m/s. Phase velocities of both gas and
liquid were calculated based on column diameter.
Gas holdup was determined by volume expansion
method [19].

In the present work, water, 5% r-butanol and
various concentrations of glycerol (60 and 80%) were
used as Newtonian fluids (commercial grade) and
different concentrations of carboxy methyl cellulose
(0.25, 0.6 and 1.0%) were used as non-Newtonian
liquids. Different diameters of spheres, Bearl saddles
and Raschig rings were used as solid phases. All the
experiments were carried out in an atmospheric tem-
perature with oil free compressed air as gas phase.
After attaining the steady state, for every 5 min time
interval, readings were taken and the error was found
to be less than £3%. A minimum of 3-5 readings were
taken and the average value was used for calcu-
lations. The properties of solid particles and liquids
used in the present study are given in Tables 1 and 2.
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Figure 1. Schematic diagram of combined loop experimental setup; 1) riser, 2) down comer, 3) gas liquid separator, 4) calming , 5) gas
liguid separator for manometer, 6) manometer, 7) rotameter for liquid flow rate, 8) rotameter for gas flow rate, 9) gas inlet valve, 10)
liguid circulating pump, 11) liquid storage tank, 12) orifice, 13) supporting screen, 14) manometer tapings and 15) draft tube.

Table 1. Properties of solids used in the present study

Sl. No. Particle description Size, d,/ m Density, ps / kg m? Particle sphericity, ¢
1 Spheres 0.001 2478 1

2 0.002

3 0.003

4 0.004

5 0.005

6 0.006

7 0.01036

8 Bearl saddles 0.0115 2456 0.33

9 Raschig rings 0.01366 2083 0.58
RESULTS AND DISCUSSIONS perficial liquid velocity increases the velocity of the

Effect of superficial gas and liquid velocities on gas
hold-up

The effects of superficial gas and liquid velo-
cities on gas holdup for air-5% n-butanol system are
shown in Figure 2. It shows that an increase in su-
perficial gas velocity increases the gas holdup in the
column, which is in agreement with the previously
published results [11,12,14,20]. The increase in su-

gas bubbles in the column and hence gas hold-up de-
creases. The same trend was also observed for air -
80% glycerol system, which is shown in Figure 3.

Effect of particle diameter and sphericity on gas
hold-up

The effect of particle diameter on gas holdup for
air-water system is shown in Figure 4, which is drawn
between superficial liquid velocity and gas hold-up.
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Table 2. Properties of liquids used in the present study

Type of liquids Density of liquids, p / kg m? Surface tension, o, / N m™

Viscosity, kgm™ s

Klkgm's™? n
Water 1000 0.0700 0.00083 1
5 % n-Butanol (commercial grade) 1008 0.0350 0.00098
80 % Glycerol (commercial grade) 1180 0.0650 0.030
60 % Glycerol (commercial grade) 1155 0.0660 0.0185
0.25 % CMC 1026 0.0730 0.0197 0.87
0.6 % CMC 1020 0.0735 0.0308 0.86
1.0 % CMC 1017 0.0740 0.0565 0.85
. m Ug=0.000283 m/s
0.09 - Air-5%mn-Butanol 4 g = 0000566 m/s
. X Ug=0.001132 m/s
Particle 7 x  Ug=0.001415 m/s
+ ® Ug=0.002831 m/s
® + Ug=0.005662 m/s
0.08 S e Eqn.(1)
DT
X AN .
20071 . L @t
Aoy s oy -
E X v X .. @ +
S U T e +
,.: l‘.{ ‘X )K ! e
< ~ N S e S - SN . """""
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R A X
0.05 - --
....m -
o ..
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Superficial liquid velocity (n/s)

Figure 2. Effect of superficial gas and liquid velocities on gas hold-up for air-5% n-butanol system using particle 7.

From Figure 4, it is observed that an increase in par-
ticle diameter increases gas holdup. The increase in
particle size suppresses bubble coalescence, which
causes gas holdup to get increased. The influence of
sphericity of particle on gas holdup is shown in Figure
5. The experimental results revealed that an increase
of particle sphericity decreases gas hold-up. This may
be due to the fact that decreasing the surface area
per unit volume of the particle leads to less bubble
breakage.

Effect of physical properties of liquids on gas hold-up

Figure 6 shows the effect of physical properties
of air-water, air-5% n-butanol, air-60% glycerol and
air-80% glycerol systems on gas hold-up for the su-
perficial gas velocity 0.000283 m/s. From Figure 6 it is
observed that an increase in viscosity of liquid de-
creases the gas hold-up, and also that increase in
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surface tension of liquid increases gas holdup. Figure
7 shows the effect of fluid consistency index for 0.25,
0.6 and 1.0% CMC liquids for the superficial gas ve-
locity 0.001132 m/s. It is observed from Figure 7 that
an increase in fluid consistency index (K) of liquid de-
creases the gas hold-up; this may be due to the for-
mation of large bubbles at higher concentrations of
solutions, the same trend was also observed in the li-
terature studies [12,13].

Correlation

The analysis of literature shows that there is no
evidence of any correlation developed to predict the
gas hold-up for a wide range of operating conditions
using Newtonian and non-Newtonian liquids with dif-
ferent solid particles for the combined loop airlift con-
figuration. From the experimental data, a separate di-
mensionless correlation was developed to predict the
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Figure 3. Effect of superficial gas and liquid velocities on gas hold-up for air-80% glycerol system using particle 8.
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Figure 4. Effect of particle diameter on gas hold-up using air-water system for Ug = 0.005662 m/s.
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Figure 5. Effect of sphericity on gas hold-up using air-0.6% CMC for Ug = 0.000283 m/s.
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Figure 6. Effect of physical properties of liguids on gas hold-up for Ug = 0.000283 m/s using particle 7.
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Figure 7. Effect of rheological properties of non-Newtonian liquids on gas hold-up for Ug = 0.001132 m/s using particle 7.

gas hold-up for a three phase flow. The combined ef-
fect of physical properties of non-Newtonian fluids are
incorporated using modified Morton’s number using
regression analysis, the following correlation was de-
veloped to predict gas hold-up in a combined loop
airlift three-phase fluidized bed reactor:

0.7
d
gg — 0_98Fr90.12F,|-—0.01 [d_pj ¢5—0‘12M0—0.025 (1 )

C

The comparisons of the present experimental
and calculated gas hold-up data for Newtonian and
non-Newtonian liquids are shown in Figures 8 and 9.
They show good agreement between the experimen-
tal and calculated gas holdup with the average de-
viation of £15%. The developed correlation is only ap-
plicable for homogenous flow regime where the inlet
superficial gas velocity is roughly less than 5 cm/s.

0.06
0.05 -
+15
S
o 0.04 1 2>
=
=]
S
P 15
$ 0.03 1
=
D
=
E
5 0.02 1
0.01 7 Newtonian liquids
0 : : : : :
0 0.01 0.02 0.03 0.04 0.05 0.06

Experimental gas holdup

Figure 8. Comparison between the experimental and calculated values of gas hold-up for Newtonian liquids.
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Figure 9. Comparison between the experimental and calculated values of gas hold-up for non-Newtonian liquids.

CONCLUSION

In the novel three-phase combined loop air lift
fluidized bed reactor, gas hold-up was studied for
different solid and liquid properties for Newtonian and
non-Newtonian liquids at a homogeneous flow re-
gime. It is observed that gas holdup in combined loop
airlift fluidized bed reactor is dependent on the super-
ficial velocities of liquid and gas. The increase in su-
perficial gas velocity and particle diameter increases
gas hold-up, but gas hold-up decreases with increase
in superficial liquid velocity. The increase in viscosity
and fluid consistency index of liquids decreases gas
hold-up. A separate correlation was developed based
on the properties of liquid and solid phases for gas
hold-up and found to be coinciding with the experi-
mental results. This correlation could be confidently
used for design of commercial combined loop reactors.

Nomenclature

ap, - Diameter of the particle, m
d; - Overall column diameter, m

U2
Fry- Froude number for gas - Fr, = —2
ga,
U2
Fr; - Froude number for liquid - F = ——
g4,

g - Acceleration due to gravity, m/s?
K- Fluid consistency index, kg m's*”

382

4

dp
Mo - Morton number- Mo = — [a]
PO

n - Fluid behavior index, dimensionless
U, - Superficial gas velocity, m/s

U - Superficial liquid velocity, m/s

ps- Density of the solid, kg/m*

pi - Density of the liquid, kg/m®

&, - Gas holdup, dimensionless

@ - Particle sphericity

- Viscosity of liquid, kg m™ s™

o - Surface tension of liquid, N/m.

n-1
p u.]
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ODREBDIVANJE SADRZAJA GASA U
KOMBINOVANOM AIR LIFT REAKTORU SA
PETLJOM | FLUIDIZOVANIM SLOJEM, KORISTECI
NJUTNOVSKE | NENJUTNOVSKE TECNOSTI

Mnogo eksperimentalnih ispitivanja je uradeno da bi se odredile hidrodinamicke karakte-
ristike kolonskih i reaktora sa petjom. U ovom radu razvijen je novi tip kombinovanog
‘air lift” reaktora sa petjjom i fluidizovanim slojem da bio bio ispitivan uticaj prividne
povrsinske brzine gasa I tecnosti, precnika Cestica i osobina fluida na sadrZaj gasa u dis-
perziji, koristeci Njutnovske i Nenjutnovske tecnosti. Kao gasna faza koriscen je kompri-
movani vazduh. Kao Njutnovske tecnosti koriscene su voda, 5% n-butanol i glicerol raz-
licitih koncentracija (60-80%), dok su kao Nenjutnovske tecnosti korisceni vodeni rastvori
karboksimetil celuloze (0,25, 0,6 i 1,0 %). Razlicite velicine sfera, Berlovih sedla i Ra-
Sigovih prstenova koriceni su kao cvrsta faza. Iz eksperimentalnih rezultata zakljuceno je
da porast prividne brzine gasa izaziva povecanje sadrzaja gasa u disperziji, koji, me-
dutim, opada pri porastu prividne povrsinske brzine i viskoznosti tecne faze. Na bazi
eksperimentalnih rezultata izvedena je empirijjska korelacjja za predskazivanje sadrZaja
gasa u disperziji za Njutnovske i Nenjutnovske tecnosti, u sirokom opsegu promene ope-
rativnih uslova, u reZimu homogenog toka, u kojem su prividne brzine gasa manje od
oko 5 cm/s.

Kljucne reci: kombinovani air lift reaktor sa petjom i fluidizovanim slojem,
sadrZaj gasa u disperziji, Njutnovske tecnosti, Nenjtnovske tecnosti.

383




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

  /CreateJDFFile false
  /Description <<

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

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


