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Abstract−A microchannel was fabricated with glass tubes to investigate the effect of viscosity, surface tension, and

flow rate on the liquid-liquid two-phase flow regime. Water and gasoil were selected as aqueous and organic working

fluids, respectively. The two fluids were injected into the microchannel and created either slug or parallel profile de-

pending on the applied conditions. The range of Reynolds and capillary numbers was chosen in such a way that neither

inertia nor interfacial tension forces were negligible. Xanthan gum was used to increase viscosity and Triton X-100

(TX-100) and Sodium Dodecyl Sulfate (SDS) were used to reduce the interfacial tension. The results demonstrated

that higher value of viscosity and flow rate increased interfacial area, but slug flow regime remained unchanged. The

two surfactants showed different effects on the flow regime and interfacial area. Addition of TX-100 did not change

the slug flow but decreased the interfacial area. In contrast, addition of SDS increased interfacial area by decreasing

the slug’s length in the low concentrations and by switching from slug to parallel regime at high concentrations.
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INTRODUCTION

Microchannels have recently drawn worldwide interest due to

their significant advantages. In comparison with conventional reac-

tors, these devices create higher surface to volume ratio, provide

more efficient mass and heat transfer [1], and produce less chemi-

cal wastes [2]. Moreover, they are cheap, small and safe. Easier con-

trol of process parameters and reduced environmental hazards are

other advantages of microchannels [3,4]. These devices have been

fabricated using various materials with different methods [5].

Microchannels improve mass and heat transfer between two im-

miscible phases; that is why they have been used widely in the re-

search programs [2]. Microfluidic behavior of gas-liquid systems

has been studied in detail by many researchers [6-10]. Despite its

broad application in microreactors, microextractors, and emulsifi-

cation devices, fewer works have been carried out in liquid-liquid

systems [11].

Water and gasoil as two immiscible liquids are brought into con-

tact in some chemical processes such as gasoil refinery processes,

in which mass transfer takes place between the two phases. The

main barrier in mass transfer between water and gasoil is their im-

miscibility. Interfacial area and flow regime impinge directly on

mass transfer between the two immiscible fluids [12-14]. Higher

interfacial area and internal circulation of the flows in microchan-

nels decrease the diffusion path, which results in higher rate of mass

transfer between water and gasoil.

When two immiscible liquids are pumped into the microchannel,

two types of flow regimes, namely parallel and slug, are observed

depending on the operational conditions [15]. The flow pattern prop-

erties in the microchannels are mainly influenced by the channel

geometry, interfacial tension, as well as the fluxes and viscosities

of the two fluids [16]. Parallel flow consists of annular and parallel

flows with wavy or smooth interface, in which two phases are flow-

ing parallel, continuous, and concurrent. In slug (zebra, or seg-

ment) flow, continuous and dispersed phases coexist. Mass transfer

in the slug flow is controlled by two mechanisms of internal cir-

culation and concentration gradient between two adjacent slugs [12].

The flow pattern in microchannels is explained by both dimen-

sionless numbers and physical properties of channel and fluids. The

physical properties of microfluidic system are used to investigate

the variation of interfacial area and drawing the flow map. It was

observed that addition of Tween20 and Span80 surfactants had negli-

gible effect on the slug length of deionized water-anhydrous octane

system [17]. The slug volume or average slug length decreased as

the flow velocities increased [18]. Flow regimes for three Y-junc-

tion microreactors (0.5, 0.75 and 1mm internal diameters) as a func-

tion of volumetric flow rates of water and cyclohexane have been

studied [19]. Three different regions were observed: region of drop

flow at high volumetric flow rate of cyclohexane and low volumetric

flow rate of water, region of deformed interface flow at high volu-

metric flow rate of water and low volumetric flow rate of cyclo-

hexane, and a region of slug flow between these two regions [19].

The flow pattern maps for square, trapezoidal, Y-rectangular and

concentric microchannels were investigated as a function of super-

ficial velocities of water and toluene; no difference was observed

in their performances [20]. The flow pattern map for silicone oil-

water flow in a 250µm microchannel initially saturated with oil

versus Reynolds numbers of two phases was studied [21]. Slug flow

was observed at low Reynolds numbers of water, while annular flow

was observed at high Reynolds numbers [21]. Flow maps based on

mean Capillary and mean Reynolds numbers were examined [12].



46 R. S. Boogar et al.

January, 2013

The slug flow was dominant at high Reynolds and low capillary

numbers, whereas parallel flow was dominant at low Reynolds and

high capillary numbers.

Several organic compounds such as silicone oil and kerosene have

been used as the organic phases in the liquid-liquid microfluidic

systems [15,18,21-24]. The water-gasoil microfluidic system has

not previously been examined, although it could be a potential candi-

date in the field of gasoil bio-refinery processes such as biodesulfu-

rization. The main goal of this study, therefore, was to examine the

flow pattern of simultaneous flows of water and gasoil in micro-

channels as a function of flow properties. The effects of interfacial

tension, viscosity, and flow rate were studied. The results are not

limited to gasoil-water system and may be extended to other two-

phase flow processes in microchannels.

MATERIALS AND METHODS

1.Microchannel Apparatus

The experimental setup was composed of a microchannel, Y-

junction, syringe pump (Fig. 1). Microchannel was fabricated with

circular glass tubes (74mm length×0.95mm diameter) connected

using thermal varnish (WOER RSFR Tube, Φ=1.0mm) to form a

channel with the total length of 170 cm. The Y-junction was made

of a 10-mm-thickness Plexiglas sheet. Two syringes loaded with

the fluids were connected to the inlet channels. Flow rates of the

fluids were controlled by a self-made syringe pump. This pump

gave a pulse-free and stable liquid flow.

2. Chemicals

Gasoil was obtained from Mashhad Oil Company in Iran. TX-

100 was purchased from Merck. SDS was purchased from Guang-

dong Chemical Reagent Engineering-Technological Research and

Development Center. Xanthan gum was obtained from a domestic

market. Distillated water was used to prepare aqueous solutions.

3. Data Analysis

The ratio of interfacial area to volume was determined by num-

ber of slugs times the fluids interfacial area per volume of micro-

channel occupied by the fluids. The number of slugs was counted

all over the microchannel length (170cm) after the steady state condi-

tion was reached. The two liquids were introduced into the Y-junction

by syringe pump at a ratio of 1 : 1, each with the flow rate of 90µl·

Fig. 1. Y-channel design of the microchannel.

Fig. 2.Water/gasoil slug flow. (a) Microscopic image, (b) flow patterns. Flow direction is from right to left.

min−1, unless otherwise noted.

Higher number of slugs is formed when slug lengths are shorter,

which in turn results in higher interfacial area. Moreover, the inter-

nal circulation takes place more efficiently in a shorter slug length,

because a shorter distance between the stagnant region and slug in-

terfaces exists. Thus, mass and heat transfer are improved by higher

number of slugs per unit length of a microchannel. In other studies

slug lengths or volumes have been used to predict the available inter-

facial area to volume ratio [17-19]. The number of slugs per unit

length of the channel is used in this study, because it has a direct

relation to the interfacial area to volume ratio.

Reynolds and capillary numbers are the two most common dimen-

sionless numbers used to characterize two-phase flow in microchan-

nel reactors. Reynolds number is the ratio of inertial to viscous forces

and the capillary number is the ratio of viscous to surface tension

forces. The flow in the microchannels is dominated by inertial forces

in high Reynolds numbers and by surface tension forces in low ca-

pillary numbers [22].

RESULTS AND DISCUSSION

1. Distillated Water-gasoil System

Upon injection of water and gasoil into the microchannel, a slug

flow profile was observed in the range of Reynolds number between

3 and 60 and a capillary number between 10−5-10−3. The microscopic

image of this zebra laminar flow is depicted in Fig. 2(a). The slug’s

curvature on the wall showed that the glass tubes were hydrophilic.

The slugs resembled capsules, the most stable form, and did not

change for several days even after stopping of the flow of the fluids.

Fig. 2(b) illustrates water-gasoil slug flow and the internal circula-

tion in the slugs. The fluids near the wall are at a slower speed com-

pared to the central sections. Thus, in order to have stable slugs,

the fluid next to the wall must migrate to the channel center.

2. Viscosity Effect

Xanthan gum has been used as a rheology control agent in aque-

ous systems and as a stabilizer for emulsions and suspensions. Vis-

cosities of aqueous solutions are significantly increased even by add-

ition of small amount of xanthan gum. The viscosity of aqueous

solution versus xanthan gum concentration has been measured and

the effect of xanthan gum concentration on the viscosity followed
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an exponential relationship [25]. The gum increases water viscos-

ity without significant changes in other properties of water.

The behavior of gasoil-water system containing 0-8 gL−1 xan-

than gum was investigated in the microchannel. A slug flow profile

was observed in the range of Reynolds numbers between 0.003 and

10 and capillary numbers between 10−5-10−2. As shown in Fig. 3(a),

each gasoil slug looks like a bullet. The viscosity of aqueous phase

containing 8 gL−1 xanthan gum was about 500 times that of the or-

ganic phase. The higher the xanthan gum concentration was, the

sharper the front interface of the bullet slugs became.

The front face of the gasoil bullets was curved due to the effect

of both viscous and interfacial tension forces. But the rear face of

each slug was flat, because the surface tension and the viscous force

acted in opposite direction and neutralized each other. Upon stop-

page of the streams, the viscous force became zero and the surface

tension force changed the gasoil bullets to capsules.

The polymeric bonds between xanthan molecules increased the

solution viscosity, which in turn resulted in the formation of more

slugs. The internal circulation of the slugs of xanthan gum solution

is illustrated in Fig. 3(b). The distance between a stagnant region

and slug interface was decreased in this case, which could give rise

to more efficient diffusion process between the phases. As depicted

in Fig. 4, the slug’s number per unit length of microchannel was

increased 14 percents at xanthan gum concentration of 6 gL−1 com-

pared to pure water as the aqueous phase. However, the number of

slugs was not increased by xanthan gum concentrations higher than

6 gL−1.

3. Interfacial Tension Effect

Scientifically, in the absence of surface tension, every interface

status is possible. But in the presence of surface tension, the inter-

face must be circle or circular arcs limited at the channel wall [26].

SDS and TX-100 have been used to decrease the interfacial ten-

sion between water and gasoil. The surface tension of solution versus

Fig. 3. Xanthan gum solution/gasoil slug flow. (a) Microscopic image, (b) flow patterns. Flow direction is from right to left.

Fig. 4. Effect of Xanthan gum concentration on the number of slugs
per 100 cm of microchannel length.

Fig. 5. Effect of TX-100 concentration on the number of slugs per
100 cm of microchannel length.

Fig. 6. Effect of SDS concentration on the number of slugs per 100
cm of microchannel length.

the concentration of TX-100 or SDS was measured by Soboleva

and Erdogan respectively [27,28]. The surfactant concentrations

were less than the critical micelle concentrations (CMCs) of the

surfactants.

3-1. Effect of TX-100 Addition

TX-100 is a nonionic surfactant. A slug flow profile was observed

in the range of Reynolds numbers between 3 and 57 and a capil-

lary number between 10−5-10−3. Addition of this surfactant to aque-

ous phase decreased the number of slugs per a defined length of

microchannel (Fig. 5). At constant Reynolds numbers, addition of

TX-100 reduced the surface tension, which in turn increased the

capillary number. Therefore, the effect of surface tension forces was

decreased, which resulted in larger length and lower number of slugs.

The slug shapes were similar to distillated water slugs shape. No

parallel regime was observed during the TX-100 runs.

3-2. Effect of SDS Addition

Depending on the SDS concentration in the aqueous phase, two

different regimes were observed. At low concentrations of SDS (less

than 1.0 g·lit−1) slugs tend to form, but the flow regime was annular
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in the SDS concentrations in the range of 1.0-7.5 g·lit−1. The num-

bers of slugs in the unit length of the microchannel as a function of

SDS concentrations are depicted in Fig. 6. The number of slugs was

doubled upon addition of 0.9 gL−1 of the surfactant.

The microscopic images of the SDS solution-gasoil system in

the annular parallel and slug flow regimes are illustrated on Figs. 7(a)

and 7(b), respectively. The interfacial area of the annular parallel

flow regime (5052.6m2/m3) was more than the highest value ob-

tained for the slug flow (941.3m2/m3) in this study. Although the

parallel flow provides larger interfacial area compared to the slug

flow regime, slower diffusion is expected in this flow pattern due

to the lack of internal circulation phenomenon. The SDS solution-

gasoil system in the annular parallel and slug flow regimes is illus-

trated in Figs. 7(c) and 7(d), respectively. Both fluids had the same

flow rate and the parabolic laminar velocity profile was dominant

in the channel. Thus, in the annular regime, the internal fluid had a

higher velocity and a smaller cross sectional area than the fluid near

the wall.

The behavior of SDS solution-gasoil two-phase flow can be ex-

plained based on the concentration of the surfactant. SDS is an anionic

surfactant and the negative charge of its polar head may be the cause

of its different behavior in comparison with the nonionic surfactant

(TX-100).

Since the SDS molecules have negative charged head, they tend

to be in close contact with the glass wall. Only at high concentra-

tions of SDS were there enough molecules of the surfactant to cause

the aqueous phase to cover the glass channel surface and flow all

over the internal channel wall. Consequently, the organic phase was

forced to flow in the center section of the channel and an annular

parallel regime was formed. But below a low concentration of SDS,

there were not enough SDS molecules to bond with the channel

wall, so slug flow regime was formed.

In contrast, when a nonionic surfactant was added to aqueous

solution, the organic head of surfactant molecules migrated to the

two-phase interface. This was the reason for longer slug’s length.

As it was shown in Fig. 6, addition of low amounts of the anionic

surfactant increased the slug’s number. The charged head of SDS

molecules as an anionic surfactants tended to be near the channel

wall. Hence, there were not enough molecules to participate in the

interface zone to increase the slug’s length. Addition of SDS not

only did not decrease the slug’s number, even increased it. Unlike

the surfactant charged head, the organic head of SDS molecules

likes to be on the two phase interface; the tendencies of these two

heads cause the shorter length and higher number of slugs.

4. Flow Rate Effect

The flow rates were changed using syringes with different vol-

umes. Three flow rates were 90, 405, and 540µl/min and the cor-

responding numbers of slugs per unit length of the microchannel

(m) were measured to be 485, 522, and 553, respectively. The slug’s

curvature, however, remained unchanged and was independent of

velocity. Interfacial tension force and hydrodynamic force between

two fluids were the two important key factors involved in this phe-

nomenon. An increase in velocity caused an increase in the hydro-

dynamic force, whereas it did not influence the surface tension. Thus,

the slug’s formation time was reduced and the slug’s number in-

creased subsequently.

Contact time is an important parameter that should be consid-

ered in the microchannels. Although the higher flow rate enhances

the interfacial area and internal circulation, it decreases the contact

time of the two phases. Reduction of contact time decreases the ef-

ficiency of the transport phenomena. That’s why higher velocities

are not recommended.

CONCLUSION

The effects of viscosity, nonionic and anionic surfactants, as well

as the flow rates of two immiscible liquids (i.e., water-gasoil sys-

tem) in a self-made microchannel were examined. It was revealed

that different types of surfactants had different effects on the flow

regimes. The results indicated that the ratio of interfacial area to the

volume of fluids increased by increasing the xanthan gum concen-

tration (viscosity factor), fluids flow rates, and SDS concentration

(both interfacial tension and surface properties) and decreased by

increasing the TX-100 concentration (interfacial tension factor).

Higher values of interfacial area impinged on shorter both slugs’

length and the distance between stagnant region and slug’s inter-

faces, which could improve heat and mass transfer phenomena be-

tween the phases. The maximum enhancement of interfacial area

was about 94% at 0.9 g·L−1 of SDS solution.

ACKNOWLEDGEMENTS

The authors acknowledge the Research Deputy of Ferdowsi Uni-

versity of Mashhad for supporting this project by grant Number

1894-24/02/1390. We wish to express our appreciation to Mrs. Bahr-

aini and Mr. Zahaabi for their supports and Mr. Nakhaee for taking

Fig. 7. SDS solution-gasoil system. (a) Microscopic image of annular parallel regime, (b) Microscopic image of slug regime, (c) Parallel
flow velocity profile, (d) Slug flow velocity profile.



The effects of viscosity, surface tension, and flow rate on gasoil-water flow pattern in microchannels 49

Korean J. Chem. Eng.(Vol. 30, No. 1)

microscopic images.

REFERENCES

1. E.H. Cao, W.B. Motherwell and A. Gavriilidis, Chem. Eng. Tech-

nol., 29, 1372 (2006).

2. K. Wang, Y.C. Lu, J. H. Xu, X. C. Gong and G. S. Luo, AIChE J.,

52, 4207 (2006).

3. D. Huang, Y.C. Lu, Y. J. Wang, L. Yang and G. S. Luo, Ind. Eng.

Chem. Res., 47, 3870 (2008).

4. P. Z. Plazl and I. Plazl, Process Biochem., 44, 1115 (2009).

5. P. L. Mills, D. J. Quiram and James F. Ryley, Chem. Eng. Sci., 62,

6992 (2007).

6. P. Zaloha, J. Kristal, V. Jiricny, N. Volkel, C. Xuereb and J. Aubin,

Chem. Eng. Sci., 68, 640 (2012).

7. T. Zhang, B. Cao, Y. Fan, Y. Gonthier, L. Luo and S. Wang, Chem.

Eng. Sci., 66, 5791 (2011).

8. N. Aoki, S. Tanigawa and K. Mae, Chem. Eng. Sci., 66, 6536 (2011).

9. C. Choi, D. I. Yu and M. Kim, Experimental Thermal and Fluid Sci-

ence, 35, 1086 (2011).

10. P. Sobieszuk, R. Pohorecki, P. Cyganski and J. Grzelka, Chem. Eng.

Sci., 66, 6048 (2011).

11. Y. YuMei, Y. Chao, J. Yi, J. Ameya, S. YouChun and Y. XiaoLong,

Sci. China Chem., 54, 244 (2011).

12. A. Dessimoz, L. Cavin, A. Renken and L. Kiwi-Minsker, Chem.

Eng. Sci., 63, 4035 (2008).

13. M.N. Kashid, I. Gerlach, S. Goetz, J. Franzke, J. F. Acker, F. Platte,

D.W. Agar and S. Turek, Ind. Eng. Chem. Res., 44, 5003 (2005).

14. G. Dummann, U. Quittmann, L. Gröschel, D.W. Agar, O. Wörz and

K. Morgenschweis, Catal. Today, 79, 433 (2003).

15. Y. Zhao, Y. Su, G. Chen and Q. Yuan, Chem. Eng. Sci., 65, 1563

(2010).

16. N. Harries, J. R. Burns, D.A. Barrow and C. Ramshaw, Int. J. Heat

Mass Transfer, 46, 3313 (2003).

17. J. Tan, J. H. Xu, S. W. Li and G. S. Luo, Chem. Eng. J., 136, 306

(2008).

18. J. R. Burns and C. Ramshaw, Lab on a Chip, 1, 10 (2001).

19. M. N. Kashid and D.W. Agar, Chem. Eng. J., 131, 1 (2007).

20. M. Kashid and L. Kiwi-Minsker, Chem. Eng. Process., DOI:10.1016/

j.cep.2011.07.003.

21. H. Foroughi and M. Kawaji, International Journal of Multiphase

Flow, 37, 1147 (2011).

22. P. Guillot and A. Colin, Physical Review, 72, 066301 (2005).

23. T. Cubaud and T. G. Mason, Phys. Fluids, 20, 053302 (2008).

24. Y. Su, Y. Zhao, G. Chen and Q. Yuan, Chem. Eng. Sci., 65, 3947

(2010).

25. Z. Xuewu, L. Xin, G. Dexiang, Z. Wei, X. Tong and M. Yonghong,

J. Food Eng., 27, 203 (1996).

26. D. D. Joseph, J. Fluid Mech., 141, 309 (1984).

27. O.A. Soboleva, G.A. Badun and B.D. Summ, VestnikMoskovsko-

goUniversiteta, Khimiya, 1, 17 (2007).

28. D. Erdogan, Izmir University of technology, Master of Science The-

sis (2005).



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo 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
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /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 (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /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 <>
  >>
  /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


