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Abstract：The effect of fuel mixing on soot structure with methane, ethane, and propane 

to ethylene-base counterflow diffusion flames has been investigated by measuring the 

volume fraction, number density, and particle size of soot by adopting the light 

extinction/scattering techniques. The experimental result showed that the mixing of 

ethane and propane in ethylene diffusion flame increased soot volume fraction while the 

mixing of methane decreased. As compare to the ethylene-base flame, the diameters of 

soot particles for mixture flames are slightly smaller. While the soot number densities for 

the mixture flames are much higher. Thus, the increase in the soot volume fraction can 

be attributed to the appreciably increased soot number density by the fuel mixing.
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1. Introduction

Soot particles produced in flames play 

an important role as a heat radiating 

medium which can be desirable in 

improving radiation heat transfer in large 

scale boilers or furnaces, while soot is one 

of the dominant air pollutants and soot 

deposition on piston and/or cylinder of 

internal engine may cause significant 

problem. Especially, soot emission from 

large cargo ship worse than expected, and 

tugboats puff out more soot for the 

amount of fuel used than other 

commercial vessels[1]. Therefore, the 

effective control of soot emission and 

formation processes is an interesting 

subject.  

The species generated from fuel 

pyrolysis lead to incipient ring formation 

such as benzene (C6H6)and naphthalene 

(C10H8),which grow to PAHs and finally to 

soot[2],[3]. Extensive studies on soot 

inception and the distribution of soot 

particle size in laminar diffusion and 

premixed ethylene flames have been 

investigated experimentally and 

numerically 
[4]-[6]. Especially, fuel mixing 

and doping experiments have been 

performed to improve the understanding 

of fuel structure effect on PAH and soot 

formation mechanisms in diffusion 
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flames[7],[8]. 

Propargyl plays important roles for both 

the incipient ring formation through the 

propargyl recombination reaction
[9] and 

PAH growth through odd-carbon 

chemistries 
[10],[11].

The synergistic effect has been observed 

where the mixture fuels produced more 

PAH and soot than the respective pure 

fuels, e.g., for the case of propane added 

to ethylene fuel. This synergistic effect 

has been explained based on the 

interaction between acetylene and 

propargyl species. 

Recently, based on the experiment and 

numerical simulation for the mixing of 

methane, ethane, and propane to ethylene 

fuel
[12], the synergistic effect has been 

attributed to the role of methyl radicals 

on the formation of incipient rings and 

PAHs. Methyl radicals, generated from 

the thermal decomposition of ethane and 

propane in the low temperature region, 

could react with C2-species producing 

propargyl radicals. This contributes to the 

increased production of incipient rings as 

compared to the ethylene-base flame. In 

this work, however, only the soot volume 

fraction has been measured in explaining 

the synergistic effect and detailed 

measurements on soot number density 

and soot size have not been conducted.

In this regard, the present work 

performed experiments to obtain 

quantitative data on the volume fraction, 

number density, and diameter of soot 

particles in a counterflow for various 

mixture flames, including the fuel mixing 

of methane, ethane, and propane to 

ethylene-base flame. Light 

extinction/scattering techniques were 

adopted.

2. Experimental setup

A series of experiments on laminar 

diffusion flames has been performed to 

identify the effect of fuel mixing on soot 

formation in a counterflow burner. 

Fig. 1 shows schematic a burner and a 

direct photo.

The counterflow burner had a pair of 

divergent-convergent nozzles with the 

area contraction ratio of 80:1. Both the 

nozzle exit diameter and the separation 

distance between the two nozzles were 

14.2 mm. The fuels were commercially-pure 

grade methane (> 99.9 %), ethane (> 99.9 

%), and propane (> 99.9 %) mixed to 

ethylene (> 99.9 %). The oxidizer was 

76%N2/24%O2. The nozzle exit velocities 

were kept at 19.5 cm/s for both the fuel 

and oxidizer streams to maintain the 

flame stretch constant.

Fig. 1 Schematic of a burner and a direct photo

The experimental apparatus consisted of 

a counterflow burner, flow controllers, and 

a laser light extinction/scattering setup, 
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as schematically shown in Fig. 2. Each 

nozzle had a concentric slit through which 

nitrogen was supplied to shield the ambient 

air. Mass flow controllers, calibrated with 

a wet-test gas meter, were used for flow 

control. The laser light scattering and 

extinction techniques adopted a 0.5 W, 

514.5 nm Ar-ion laser to obtain the 

volume fraction, particle size, and number 

density of soot particles. A photodiode 

(Hamamatsu,S1227) monitored the 

extinction  in tensity and the scattering 

signal was measured by a photomultiplier 

tube (Hamamatsu,R928) at the right 

angle through a narrow band-pass filter of 

514.5 nm with 1 nm full-width-half-maximum 

(FWHM). In the measurement of 

scattering signal, a half-wave plate and a 

polarization filter were used to control the 

direction of polarization axis for incident 

laser and scattered light, respectively. To 

enhance the signal-to-noise ratio, a 

mechanical chopper (1100 Hz) and a 

lock-in amplifier (Standard Research, SR 

530) were employed.

  

Fig. 2 Schematic of experimental setup for light 
extinction/scattering measurement (M, mirror; 
C, chopper; PH, pinhole; HWP, half-wave 
plate; L, lens; NDF, neutral density filter; PD, 
photodiode; P, polalizer; PMT, photo-multiplier 
tube)

3. Results

Soot formation characteristics for the 

mixing of methane, ethane, and propane 

in ethylene diffusion flame are 

investigated to further illustrate the effect 

of fuel structure on soot formation by 

obtaining the volume fraction, number 

density, and diameter of soot particles.  

Fig. 3 shows sooting limits in the 

ethylene counterflow diffusion flames. In 

the figure, the shading shows the region 

of soot formation flame. Tad is the 

calculated adiabatic temperature. Soot 

formation characteristics in counterflow 

diffusion flames can be categorized into 

the soot formation (SF) flame and soot 

formation/oxidation (SFO) flame, based 

on the relative position between the flame 

and the particle stagnation plane [8]. In 

the present, we consider the soot 

formation flame, which is the case when 

the flame is located on the oxidizer side 

from the particle stagnation plane.
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Fig. 4 shows the direct photograph for 

the ethylene-base case and the schematic 

of flow fields. The flame is located on the 

oxidizer side of the counter flow for the 

present condition of pure fuel and oxidizer 

due to the stoichiometric fuel to oxidizer 

mass ratio. In this case, the soot particles 

formed on the fuel side of the flame is 

transported away from the flame and 

toward the stagnation plane following 

reasonably the streamlines. Since the soot 

particles move away from the flame, soot 

oxidation cannot occur. Thus, the flame is 

categorized as the soot formation flame. 

 

Fig. 4 Schematic of soot zone structure for soot 
formation flame in counterflow and direct 
photo 

The direct photograph shows a blue 

flame and the yellow luminous zone of the 

soot located on the fuel side of the flame. 

Detailed flow visualization characterizing 

this type of flame has been reported 

previously [12].

Fig. 5 shows the axial profiles of the 

soot volume fraction fv measured along the 

centerline of the counterflow for the 

ethylene-base flame and the mixture 

flames of 5 % methane/ethane/propane in 

volume to ethylene. Note that the soot 

volume fraction is determined from the 

laser extinction data to represent local 

information. The result shows that as 

compared to the ethylene-base case, the 

addition of ethane and propane enhances 

the soot volume fraction, thereby the 

synergistic effect is exhibited. The 

maximum value of the soot volume 

fraction is 1.67 × 10
-6 for the 

ethylene-base flame and 1.32 × 10-6,and 

1.78×10-6,and 2.19×10-6 for the mixing of 

methane, ethane, and propane, 

respectively. The soot volume fraction for 

the propane mixing case is 1.31 times to 

that of the ethylene-base case. 
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Fig. 5 Profiles of soot volume fractions as a function 
of distance from fuel nozzle

For these flames, the maxima of soot 

volume fractions appear near Z ≈ 5.1 mm 

and the flames are located at Z ≈ 8.1 mm, 

where Z is the distance from the fuel 

nozzle. The sooting zones (5 < Z < 7 mm) 

are on the oxidizer side of the stagnation 

plane. The flow field in the sooting zone is 

directed towards the fuel side in the 

region between the flame and the particle 

stagnation plane. 

Therefore, the soot volume fractions for 
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all the flames have the maximum values 

near the particle stagnation plane because 

of the soot particles are transported and 

grown toward the direction of fuel.

In the figure, the soot volume fraction 

for the mixture flames, except the 

methane-ethylene flame, is higher than 

that for the ethylene-base flame. The 

synergistic effect on soot formation for 

mixture fuels of ethylene and propane has 

been explained based on the enhanced 

formation of propargyl. The formation of 

incipient rings from the propargyl 

recombination can be most effective for 

the propane-ethylene flame. The soot 

volume fractions of ethylene-ethane flame 

are also higher than that of the 

ethylene-base flame. The synergistic 

effects in ethylene-propene flame 
[13] and 

ethylene-ethane flame [14] can also be 

explained based on the role of propargyls 

for the incipient ring formation of 

benzene.

Fig. 6 shows the profiles of the soot 

scattering signal along the centerline of 

the counterflow for the ethylene-base 

flame and the mixture flames of 

methane/ethane/propane to ethylene 

flame with 5 % in volume. Based on the 

Mie scattering theory, the scattering 

signal is proportional to the particle size 

to the sixth power and soot number 

density. The measured scattering signals 

exhibited a skewed shape due to the 

nature of the soot formation flame in that 

the inception of soot particles occurs on 

the fuel side of the flame and the soot 

particles grow as they migrate toward the 

particle stagnation plane. Note that the 

particle stagnation plane is located near Z 

≈ 4.9 mm, which is determined from the 

numerical simulation considering the 

thermophoretic effect, which will be 

elaborated later. As compared to the 

ethylene-base case, the case with 5 % 

mixing of methane to ethylene shows 

decreased scattering signal. The case for 

the ethane mixing is comparable to the 

ethylene-base case. The case with propane 

mixing shows increased signal intensity as 

compared to the ethylene-base case.
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Fig. 6 Scattering signals as a function of distance 
from fuel nozzle

In order to examine soot formation 

processes for the mixture flames, the soot 

size D63, and the number density N have 

been obtained based on the Mie scattering 

theory [15],[16]. From the quasi-one 

dimensional characteristics of the 

counterflow flames, the extinction 

coefficient Kext can be calculated 

experimentally by [17];

1 1log / log /e iext e iK X W W X I I− −= −∆ = −∆ % %
 (1)

where Wi is the initial laser intensity, 

We is the intensity after extinction, iI%

and eI%  are the corresponding electric 
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signals from the photodiode, and ΔX is the 

width of the test section. The volumetric 

differential cross section Qvv [cm2/cm3]of 

gases can be

vv vvQ NC=  (2)

where Cvv [cm
2]is the angular scattering 

cross section [18], [19].

For spherical soot particles which is 

small compared to the wavelength of light, 

the volume fraction fv, the average size 

D63,and the number density N, are 

determined from Kext and Qvv as [15]; 

3
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Here, λis the laser wavelength, m is the 

refractive index of soot particles, and fN is 

2.1 assuming the self-preserving 

distribution. The refractive index of soot 

particles is assumed as m = 1.57 - 0.56i 

for the present experiment using Ar-ion 

laser of λ= 514.5 nm [15].

The profiles of the soot number density 

and soot size obtained from Eqs. (1) - (8) 

are shown in Fig. 7 and 8, respectively. 

Fig. 7 shows the distributions of soot 

number density for the mixture flames. 

The number densities for all flames have 

maximum values near Z ≈ 6.8 mm, close 

to flame zone and decrease away from this 

zone toward the fuel side. This means 

that the soot inception is likely to occur 

in the high temperature region near the 

flame zone. The soot number density 

decreases rapidly as Z decreases in the 

direction of soot particle transport toward 

the fuel side for all the cases. This can be 

attributed to the coalescence of soot 

particles. While the soot particle size, 

shown in Fig. 8, increases as the particles 

are transported toward the stagnation 

plane. These trends of the number density 

and the soot particle size suggest the soot 

inception occurs close to Z ≈ 6.8 mm and 

the number density decreases as Z 

decreases in the direction of soot particles 

transport due to coalescence. Simultaneously, 

the particle size increases by coalescence 

and the surface growth of soot.
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Fig. 7 Profiles of number densities as a function of 
distance from fuel nozzle 
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Fig. 8 shows the distributions of soot 

particle size for the mixture flames. The 

soot particles grow toward the low 

temperature side and show the maximum 

values near the stagnation plane at Z ≈ 

4.9 mm. The maximum size of soot 

particles is 5.1×10
-2 μm for the 

ethylene-base flame. The result clearly 

shows that the soot particle size for the 

mixture flames of ethylene and 

methane/ethane/propane is nearly the 

same, although there exists small 

decrease in the sizes as compared to the 

ethylene-base case. This can be 

understood based on the HACA 

mechanism, which plays a dominant role 

for the surface growth of soot. Both 

temperature and acetylene species play 

crucial roles for the HACA mechanism. 

Note that the adiabatic flame temperature 

is lower and the concentration of C2H2 is 

expected to be lower for the mixture fuels 

than those for the ethylene-base case.
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Fig. 8 Profiles of soot particle sizes as a function of 
distance from fuel nozzle

4. Conclusions

The influence of methane/ethane/propane 

addition in ethylene fuels are investigated 

for counterflow flames and synergistic 

effects on soot formation are observed 

experimentally.  

The maximum value of the soot volume 

fraction is 1.67 × 10
-6 for the 

ethylene-base flame and 1.32 × 10
-6, and 

1.78×10-6, and 2.19×10-6 for the mixing of 

methane, ethane, and propane, 

respectively. The soot volume fraction for 

the propane mixing case is 1.31 times to 

that of the ethylene-base case. The 

maximum size of soot particles is 5.1×10-2 

μm for the ethylene-base flame. As 

compare to the ethylene-base flame, the 

diameters of soot particles for mixture 

flames are slightly smaller. While the soot 

number densities for the mixture flames 

are much higher. Thus, the increase in 

the soot volume fraction can be attributed 

to the appreciably increased soot number 

density by the fuel mixing. 

References

 [1] D. Lack, B. Lerner, C. Granier, T. 

Baynard, E. Lovejoy, P. Massoli, A. 

R. Ravishankara, and E. Williams, 

“Light absorbing carbon emissions 

from commercial shipping”, Geophysical. 

Res. Lett., 35, L13815, doi : 10. 1029 

/2008 GL033906, 2008.

 [2] I. Glassman, “Soot formation in 

combustion processes”, Combust. Inst. 

Vol. 22, pp. 295-311, 1988.

 [3] M. Frenklach, D. W. Clary, C. 

William, J. R. Gardiner, and E. S. 

Stephen, “Detailed kinetic modeling of 

soot formation in shock-tube pyrolysis 

of acetylene”, 20th Proc. Combust. 



Experimental Study on Characteristics of Synergistic Effect of Fuel Mixing on Number Density and
 Size of Soot in Ethylene-base Counterflow Diffusion Flames by Laser Techniques  13

Journal of the Korean Society of Marine Engineering, Vol. 33, No. 3, 2009. 5 / 385 

Inst., pp. 887-901, 1984. 

 [4] M.D. Smooke , C.S. Mcenally , LD. 

Pfefferle , RJ. Hall , MB Colket, 

“Computational and experimental 

study of soot formation in a coflow 

laminar diffusion flame”, Combust. 

Flame, Vol. 117, pp. 117-139, 1999.

 [5] K.C. Oh and H, D. Shin, “The effect of 

oxygen and carbon dioxide 

concentration on soot formation in 

non-premixed flames”, Fuel, Vol. 85, 

pp. 615-624, 2006.

 [6] B. Zhao, Z. Yang, Z. Li, M.V. 

Johnston, H. Wang, “Particle size 

distribution function of incipient soot 

in laminar premixed ethylene flames: 

effect of flame temperature”, Proc. 

Combust. Inst., Vol. 30: pp. 1441-1448, 

2005.

 [7] CS. McEnally and LD. Pfefferle  “The 

effects of dimethyl ether and ethanol 

on benzene and soot formation in 

ethylene nonpremixed flames”, Proc. 

Combust. Inst., Vol. 31, pp. 603-610, 

2007.

 [8] KT. Kang, JY. Hwang, SH. Chung, W. 

Lee, “Soot zone structure and sooting 

limit in diffusion flames: comparison 

of counterflow and Co-flow flames”, 

Combust.Flame, Vol. 109, pp. 266-281, 

1997.

 [9] JA. Miller and CF. Melius, “Kinetic 

and thermodynamic issues in the 

formation of aromatic compounds in 

flames of aliphatic fuels”,  Combust. 

Flame, Vol. 91, pp. 21-39, 1992.

[10] A. D’Anna, A. Violi, A. D’Alessio, 

“Modeling the rich combustion of     

aliphatic hydrocarbons”, Combust. 

Flame, Vol. 121, pp. 418-429, 2000.

[11] NM. Marinov, WJ. Pitz, CK. 

Westbrook, MJ. Castaldi,SM. Senkan, 

“Modeling of aromatic and polycyclic 

aromatic hydrocarbon formation in 

premixed methane and ethane flames.” 

Combust. Sci. Tech., Vol. 116/117, pp. 

211-287, 1996.

[12] S. S. Yoon, S. M. Lee, S. H. Chung, 

“Effect of mixing methane, ethane, 

propane, and propene on the 

synergistic effect of PAH and soot 

formation in ethylene-base counterflow 

diffusion flames”, Proc. Combust.Inst., 

Vol. 30, pp. 1417-1424, 2005.

[13] NM. Marinov, MJ. Castaldi, CF. 

Melius , W. Tsang, “Aromatic and 

polycyckic aromatic hydrocarbon 

formation in a premixed propane 

flame”, Combust. Sci. Tech., Vol. 128, 

pp. 295-342, 1997.

[14] Y. Hidaka, K. Sato, H. Hoshikawa, T. 

Nishimori, R. Takahashi, H. Tanaka, 

K. Inami, N. Ito, “Shock-tube and 

modeling study of ethane pyrolysis 

and oxidation”, Combust. Flame, Vol. 

120, pp. 245-264, 2000.

[15] RA. Dobbins, RJ. Santoro, HG. 

Semerjian ,“Interpretation of optical 

measurement of soot in flames”, Prog. 

Astronaut. Aeronaut., Vol. 92, pp. 

208-237, 1984.

[16] RA. Dobbins, RJ. Santoro, HG. 

Semerjian, “Analysis of light 

scattering form soot using optical 

cross sections for aggregates.” 23rd 

Proc. Combust. Inst., pp. 1525-1532, 

1990.

[17] CF. Bohren, DR. Huffman, 

“Absorption and scattering of light by 

small particles”, John Willey & Sons, 



14 Jae-Hyuk Choi

386  / Journal of the Korean Society of Marine Engineering, Vol. 33, No. 3, 2009. 5

New York, 1983.

[18] RR. Rudder, DR. Bach,  “Rayleigh 

scattering of ruby-laser light by 

neutral gases.” J The Optical Society 

of America, Vol. 58, pp. 1260-1266, 

1968.

[19] MP. Bogaard, AD. Buckingham, RK. 

Pierens, AH. White, “Rayleigh 

scattering depolarization ratio and 

molecular polarizability anisotropy for 

gases.” J. Chem. Society, Faraday 

Transactions, Vol. 74, pp. 3008-3015, 

1978.

Author Profile

Jae Hyuk Choi

He received B.S and M.S degrees in 

Marine System Engineering from Korea 

Maritime University in 1996 and 2000, 

respectively. He then went on to 

receive a Ph. D. degree from Hokkaido 

university in 2005. He is currently a 

surveyor in Korean Register of Shipping. His research 

interests are in the area of reduction of pollutant emission 

(Soot and NOx), high temperature combustion, laser 

diagnostics, alternative fuel and hydrogen production with 

high temperature electrolysis steam (HTES).



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /KOR <FEFFd5a5c0c1b41c0020c778c1c40020d488c9c8c7440020c5bbae300020c704d5740020ace0d574c0c1b3c4c7580020c774bbf8c9c0b97c0020c0acc6a9d558c5ec00200050004400460020bb38c11cb97c0020b9ccb4e4b824ba740020c7740020c124c815c7440020c0acc6a9d558c2edc2dcc624002e0020c7740020c124c815c7440020c0acc6a9d558c5ec0020b9ccb4e000200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /CHS <FEFF4f7f75288fd94e9b8bbe7f6e521b5efa76840020005000440046002065876863ff0c5c065305542b66f49ad8768456fe50cf52068fa87387ff0c4ee563d09ad8625353708d2891cf30028be5002000500044004600206587686353ef4ee54f7f752800200020004100630072006f00620061007400204e0e002000520065006100640065007200200035002e00300020548c66f49ad87248672c62535f003002>
    /CHT <FEFF4f7f752890194e9b8a2d5b9a5efa7acb76840020005000440046002065874ef65305542b8f039ad876845f7150cf89e367905ea6ff0c4fbf65bc63d066075217537054c18cea3002005000440046002065874ef653ef4ee54f7f75280020004100630072006f0062006100740020548c002000520065006100640065007200200035002e0030002053ca66f465b07248672c4f86958b555f3002>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


