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Abstract. A mathematical model of heating of coal particles that move in
the initial section of a submerged gas jet within the space between
electrodes of reaction chamber of arc-heating reactor is created. The model
takes into account convective heat transfer and heat transfer by radiation
from a sphere (particle) — circle (anode) system. The temperatures of
particles on mechanical trajectory are obtained depending on particle
diameters and the initial coordinate of nozzle leaving.

1 Introduction

Today plasma-chemical processes and equipment are widely used in the processing and
conversion of dispersed materials in metallurgy, energy, chemistry, in production of
construction materials and mineral processing, as well as in the waste disposal and
neutralization. Depending on the methods of energy supply into the reaction space, plasma-
jet reactors (split type reactors) and arc-heating reactors (combined type reactors) are
distinguished. These reactors can be used to produce the synthesis gas from carbon-
containing raw materials to be used in direct burning of the product (boiler plants) and in
closed cycle coal gasification technology for electricity production, in the synthesis of
liquid motor fuel, in the production of reducing atmospheres in metallurgy.

Some processes such as atomization of fuel in the reactor chamber, evaporation of water
droplets depending on their size, evolution and combustion of volatiles, heating of gas and
coke particles in the chamber have been studied in terms of gas temperatures in the reaction
chamber of up to 2000 K, and the results are described in [1, 2] for the case of the
gasification process in a split type reactor. The results of experimental studies of heating of
coal particles in boiler reactor are given in [3].

The process of gasification of coke residue at temperatures above 2000 K is of
particular interest since it is known that at high temperatures the rates of chemical reactions
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and carbon conversion increase significantly [4]. This improves the performance of the
gasification process of carbon-containing fuels, hardware intensity and capital costs.

Arc-heating reactor characterized by intense heat transfer due to its predominant
radiation component provides a heating rate of dispersed material (for example, coal) up
to 10° deg/s [5] and fast achievement of a final particle temperature. At this temperature
level carbon is completely converted to a gaseous state. At the same time, in order to reduce
power inputs, ensure the required quality of the main product (synthesis gas) and to avoid
overheating, the mineral part must be removed opportunely from the heating zone at
temperature of complete carbon conversion of 1800 to 2000 K [6]. Thus, coal particles
must be exposed to heat treatment for a strictly defined time — the particle residence time in
the reaction space. Therefore, one of the main processes that affect the subsequent stages of
thermal transformation is heating of coal particles.

The choice of the required residence time of the coal particles in the reactor chamber
determines the energy intensity of carbon conversion processes and quality (composition
and quantity) of main product during gasification. In addition, the residence time
significantly affects the geometric parameters of the reaction chamber where the
gasification process proceeds. Therefore, the investigation of heat transfer in a reaction arc-
heating chamber is a relevant task, the solution of which makes it possible to choose the
necessary geometric parameters of the chamber and its operation mode.

The purpose of the work is to create a mathematical model of heating of coal particles in
gas jet that move within the space between electrodes of reaction chamber, and to
determine the final temperatures of the particles depending on their diameters and the initial
coordinate of nozzle leaving.

2 Methods

The scheme of the reaction space of the combined type (reaction chamber) is presented in
Figure 1. The cylindrical chamber made of graphite, in which the coal particles 1 are
heated, consists of anode 2 and cathode 3. Electric arc 5 is formed between anode 2 and
cathode 3. The chamber is surrounded by solenoid 6, which provides rotation of the electric
arc and the energy distribution in the reaction space and volumetric heating of the anode.

Fig. 1. Scheme for calculating the heating of a coal particle in a reactor.

Coal particles and gas (oxidizing medium) enter the space between electrodes through a
nozzle in the cathode 4 of radius r,, forming a nonisothermal submerged gas jet [7]. Taken
into account the small distance # between the electrodes, heat transfer is mainly realized in
the potential core of the initial section of the jet 7. While moving, the coal particles are
heated by radiation from an anode heated by an electric arc (temperature 4200 K [8]) and
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convective heat exchange with gas in the boundary layer of the mixing zone 8.

Since the volume concentration of coal dust in the stream in the reactor is less than 0.02,
the particles do not interact with each other [9], and a mathematical model of motion and
heat transfer can be created for a single coal particle.

A particle in a gas stream moves under the influence of aerodynamic resistance and
gravity. So, the differential equation of motion of the center of mass of the particle has the
form:

md—V=Fd+mg, (1)
T

where V — particle velocity, m/s; F,— aerodynamic resistance force, N; m = ndp3pp /6 —
mass, kg; d, — diameter, m; p, — density of particle, kg/m’; g — vector of gravity, m/s*; t —
time, s.

The projection of the aerodynamic resistance force on the axis x is:

1
Fy== Condip, |V=U|(V V), @)

where p, — gas density, kg/mz; U — the gas velocity, m/s, aerodynamic resistance coefficient
is determined by the Reynolds number by the formula [10]:

24 44

" Re ~/Re

Reynolds number is Re=|V —Uld,/v, where v — gas kinematic viscosity, m?/s.

The enthalpy of a coal particle in a gas stream changes due to radiation from a heated
anode and convective heat transfer in the mixing boundary layer. Then for particles with a
Biot number less than 1:

+0.32. 3)

di
ma =0.+0,, “4)

where i= C,T,—specific enthalpy, J/kg; C,—specific heat, J/(kg-K); T,— particle
temperature, K; Q. — convective heat flow, W; Q,., — heat flow by radiation, W.
Convective heat flow according to Newton's law:

Q.= Ty~ T))f, )

where o — average heat transfer coefficient, W/(m*-K); T, ¢ — gas temperature, K; /= ndp2 -
particle surface area, m’.
To determine the heat transfer coefficient, we use the dependence [11]:

ad
P —Nu=2+0.55Re"’Pr"¥, (6)
A

g

where Nu — Nusselt number, Pr — Prandtl number, A, — gas thermal conductivity, W/(m-K).
The heat flow by radiation from the anode to the coal particle is determined by the
formula:

0,,= SG(T; - T; V0, (7
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where ¢ — reduced emissivity coefficient; ¢ — Stefan-Boltzmann constant, W/(mz-K4); T, —
anode surface temperature, K; F,— radiating surface area of the anode, mz; ¢y, — the
average angular coefficient of radiation of the anode, which is determined depending on the
geometric parameters and the relative placement of anode and particle.

It is assumed that the radiation surfaces of the anode and particles are gray, the effective
radiation is diffuse and is characterized by a constant density on isothermal surfaces.

The average angular coefficient of radiation ¢, of a sphere (coal particle), which is
located above the circle (anode), is determined by the formula [11]:

Ry+B 2, p2_p2
(p]_Z:i | arccos(X B sz X aVX+l l—; , B
27 ry-3 2BX Ja+x?y 2 1+(R, - B

where B = r/(x — h), R,= r»/(x — h) are dimensionless quantities, 7, — radius of the anode, m.
Then average angular coefficient of radiation of the anode ¢,.; can be found using the
reciprocity property of the angular coefficients:

Qr2f = Qo1 F, )

The reduced coefficient of thermal radiation of the anode-particle system is determined
depending on their emissitivity factors:

€= |:[1—1J'(P1—2 +(l—1j'(Pz-1 +1] ~ Kl_l]'@l—z +1:| ) (10)
€, €, €

where ¢, — emissivity coefficient of anode.
Emissitivity factor of coal particle is determined taking into account a dust level of
stream [13]:

_ 1-exp(=0.94¢,r,nD)

2
n, nD

) (11

P

where €, — emissivity coefficient of single coal particles; 7, — coal particle radius, m; n —
average number of particles per unit volume, m™; D=2r,— diameter of a stream where
particles are concentrated, m.

To calculate the velocity and temperature of the gas flow in the initial section of the
submerged jet, the technique has been used [7]. In the potential core of the jet, the velocity
and gas temperature are unchanged and equal to U, and Ty, respectively, and outside it, in
the boundary layer where the jet is mixed, the dependence is:

3/25\2
Y _i_a- , 12
U 1-n""") (12)

0

where M =1-y/b+(ry—r)/b—nondimensional  coordinate; b —boundary layer
thickness, m; y;/b — internal boundary of the jet mixing zone.

%ze(Al—2A2+A3), (13)
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b=0.27%x, (14)

where 6 = T, /T, — gas temperature ratios in nozzle and reactor chamber.
The temperature of the gas stream in the mixing layer:

L-T _
T-T I-7. (15)

The radial gas velocity in the mathematical model is not taken into account, since it is
equal to zero in the potential core of the jet and does not exceed 1 - 4 % of the longitudinal
velocity U, which is several times less than the pulsatile velocity of the turbulent stream in
the boundary layer [7].

Equations (1) — (14) were supplemented by the temperature dependences of density,
kinematic viscosity, heat capacity, gas thermal conductivity as well as the heat capacity of
coal particles. For this case the data [13] were approximated by polynomials and a linear
dependence was used to determine the heat capacity of coal [15]:

C,=992+0.209-(T, — 273.15).

Based on the fact that the particle size of coal does not change does not change
significantly, the density is assumed constant p, = 1500 kg/m’.

After the relevant transformations, differential equations (1) and (4) in the projection
onto the x axis take the form as follows:

C-
A 38 P v U -U)+ g
dv 4dp, (16)
dr,
AL A
T PpP p

The initial conditions for equations (16) are the stream parameters at the nozzle outlet:

V

'c:OZI/O’ T

=T, (17)

To solve the system of differential equations (16) with initial conditions (17), the
fourth-order numerical Runge-Kutta method was used, and the Simpson method was used
to calculate a definite integral (8). The calculation accuracy was controlled by the
recalculation method with halved step size.

3 Results and discussion

The calculations were performed for coal particles with diameters of @,=50 - 150 um in a
stream of water vapor with an initial temperature of 7p= 723.15 K that are discharged from
a nozzle of radius =7 mm to the reaction chamber at a velocity of Uy= 15 m/s. The
emissivity coefficient of coal particles is g€, =0.85. The anode of radius r,=50 mm is
uniformly heated by an electric arc to 7, = 4200 K.

Figure 2 shows the temperature of particles with a diameter of d,=50 um depending on
the coordinate of the mechanical trajectory and the initial coordinate of nozzle leaving.
Since the gas outflows from the nozzle as a submerged jet, the particles with the coordinate
of the outflow radius (distance from the nozzle axis) Ry < 6 mm most of the time flow in the
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potential core and have approximately the same temperature. In this case, at the trajectory
end point (x=0.07 m), the particle temperature is 7,,~ 1685 K. Trajectories of particles
with Ry= 6 - 7 mm entrap into the boundary layer of the jet, where they are additionally
heated by means of convective heat exchange with gas. The highest particle temperature
T~ 1980 K is reached out at Ry= 7 mm.

T

>

16§; 5:;/22::2222
g

/i 3
2,
700 T
0 0.02 0.04 0.06 x, m

N

1

AL

Fig. 2. The temperature of coal particles d,=50 um on the trajectory and depending on the initial
leaving radius: 1 - Rg<6 mm,2-6.2,3-64,4-6.6,5-6.8,6—"7.0.

Figure 3 shows the final temperature of the particles, depending on the initial leaving
point Rp=6-7 mm and their diameters. The diameter of particles, as expected, based on
the equations of the mathematical model, largely determines their final temperature.
The temperature of particles with a diameter of d,=100 um is 330 -380 K less, and
with a diameter of d,=150 um it is 520 - 640 K less than for particles with a diameter
of 50 pm.
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Fig. 3. Final temperature of coal particle for particle diameter: 1 —d,=50 pm, 2 — 100, 3 — 150.

The temperature of particles that start motion from Ry< 6 mm barely differs from the
temperature of particles with Ry= 6 mm.

Horizontal axis of Figure 4 shows the final temperature of the particles, in turn vertical
axis shows the mass fraction of the particles y to the total mass of coal, at this temperature
as well as and Ry=6 -7 mm. It follows from the calculations that the mass fraction of
particles with a diameter of d,= 50 um at a final temperature of 1800 K or higher is
about 16 %.
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Fig. 4. Mass fraction of coal particles to the total mass of coal with initial radius of leaving trajectory
Ry= 6 -7 mm and diameter: 1 —d,= 150 pum, 2 — 100, 3 - 50.

4 Conclusions

A mathematical model of the heating of coal particles that move within the initial section of
the submerged gas jet within the space between the electrodes of the reaction chamber is
proposed.

It is necessary to provide a gap between the cathode and anode of 60 - 70 mm and
dispersion with an average particle diameter of d,~50 um or less for reaching out
temperature for coal particles of 1800 K and higher.

The final particle temperature substantially depends on the initial point of nozzle
leaving.

The mass fraction of particles with a diameter of d, ~ 50 pm to the total mass of coal at a
final temperature higher than 1800 K is about 16 %.

The rest of the mass should be heated outside the space between the electrodes within
the reaction chamber.

References

1. Krukovskyi, V.K., Lebedev, V.V., Kolobova, E.A. (1976). Issledovanie protsessa
nagreva polidispersnogo uglya vyisokotemperaturnyim gazovyim teplonositelem.
Himiya tverdogo topliva, (6), 26-30

2. L. Kholiavchenko, Ye. Pihida, S. Demchenko, S. Davydov. Determination of the kinetic
constants of the process of plasma gasification of coal-water fuel. E3S Web of
Conferences, International Conference Essays of Mining Science and Practice, 109
(2019). https://doi.org/10.1051/e3sconf/201910900034

3. Bulat, A., Voloshyn, O., Zhevzhik, O. (2013). Plasma reactor for thermochemical
preparation of coal-air mixture before its burning in the furnaces. Annual Scientific-
Technical Collection — Mining of Mineral Deposits, 39-44

4. V. Yemelianenko, V. Pertsevyi, O. Zhevzhyk, I. Potapchuk, O. Lutai. Experimental
study of the thermochemical treatment of the low-grade coal prior to boiler combustion
at coal-fired power station. E3S Web of Conferences, International Conference Essays
of Mining Science and Practice, 109 (2019). https://doi.org/10.1051/e3sconf/
201910900119

5. Kholiavchenko, L.T., Pyhyda, E.Yu., Demchenko, S.V. (2016) Himicheskaya kinetika
protsessov pererabotki dispersnyih uglerodsoderzhaschih sred v plazme vodyanogo



E3S Web of Conferences 168, 00069 (2020) https://doi.org/10.1051/e3sconf/202016800069
RMGET 2020

para. Geotehnicheskaya mehanika, (129), 181-189

6. Abramovich, H.N. (2011). Teoriya turbulentnih struy. Moskva: EKOLIT

7. Donskoy, A.V., Kulyashov, S.M. (1961). Elektrotermiya. Moskva- Leningrad:
Gosudarstvennoe energeticheskoe izdatelstvo

8. Sou, S. (1971). Gidrodinamika mnogofaznyih sistem. Moskva: Mir

9. Olevskiy, V.A. (1953). Sbornik nauchno-issledovatelskih rabot Nauchno-
issledovatelskogo 1 proektnogo instituta mehanicheskoy obrabotki poleznyih
iskopaemyih, (8), 7-43

10. N. Frossling, Gerlands Beitr. Geophys., 52, 170 (1938)

11.Bloh, A.G., Zhuravlev, Yu.A., Ryizhkov, L.N., (1991). Teploobmen izlucheniem.
Spravochnik. Moskva: Energoatomizdat

12. A. Goyal, D. Gidaspow, Ind and Eng. Chem. Process. Des. and Develop, 21 (1982)

13. Vargaftik, V.P. (1972). Spravochnik po teplofizicheskim svoystvam gazov i zhidkostey.
Moskva: Nauka

14. Pomerantsev, V.V., Arefev, K.M. Ahmedov, D.B. (1986). Osnovyi prakticheskoy teorii
goreniya. Leningrad: Energoatomizdat




<<

  /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



