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Among the methods of hydrogen generation that are economically sound for autonomous customers is the
silikol method. The technique of calculation of the cylinder gas generator circuit is given. The restrictions im-
posed on the flow velocity in a three-phase reacting system are considered. It is established that the reaction
rate in the circuit as a dissipative structure is in direct correlation with the change in the Gibbs energy.
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Introduction. At present there is substantial interest in hydrogen power engineering. This has prompted the
search for new methods of obtaining hydrogen and improving the available ones.

Among the techniques of hydrogen generation economically sound for autonomous customers is the silikol
method. Here, one makes use of the ability of certain alloys to displace hydrogen from water by applying, in particu-
lar, the industrially produced alloy FS75 (wt. %: Si, 75; Fe, 25).

Experiment and Calculation Technique. Tests of cylinder-type gas generators made it possible to improve
the process and recommend for application the FSA alloy (wt. %: Si, 60–62; Al, 15–30; Fe, the rest) [1–3]. The alloy
is obtained from the inorganic portion of low-caloric coals and coal waste, which in turn makes it possible to produce
hydrogen more cheaply and introduce unbalanced coal into the turnover [4, 5].

The basic physicochemical and hydrodynamic laws governing the process of hydrogen production have been
established [6, 7]. As a result of the reaction of alumosilicic alloys with water, an appreciable amount of heat is
evolved, which leads to the formation of water vapor. At a low pressure the flow in the ascending channel is deter-
mined by vapor, whereas on increase in pressure, by hydrogen. In the former case the ascending channel in the reactor
can be considered as an evaporator.

Common to the methods of calculations of evaporators and reactors are:
a) methods of determining the theoretical velocity of adiabatic gas and vapor flows in the channels of natu-

ral-circulation apparatuses;
b) estimation of the resistance of channels to the motion of two-phase flows;
c) techniques of using the symmetry and asymmetry trends in construction of apparatuses and their assemblies.
One observes differences in the selection of the constituents of kinetic equations and in the calculation of the

velocity of gas-liquid flow motion near the heat- and mass transfer surface moving in gas generators and fixed in
evaporators [8, 9].

The characteristic features of heat and mass transfer in gas generators are:
a) a substantial influence of the Reynolds number of a gas-liquid flow and alloy density on the rate of hydro-

gen evolution from water;
b) restriction on the velocity of gas-liquid flow motion imposed by the speed of sound;
c) a substantial resistance to heat transfer offered by the originating oxidic layer.
In designing apparatuses, one composes regulations containing the physicochemical constants and properties of

substances, stoichiometric and kinetic relations, material and thermal balances. A certain type of a gas generator is also
selected. Thus, it is considered that the following quantities are given: the mass G and volume V of a reacting sub-
stance fed to the reactor per cycle; the mass GH2

 and volume VH2
 of hydrogen obtained per cycle; the mass GH2

′′  and
bulk VH2

′′  efficiencies of a generator based on hydrogen; volume of water Vw expended per cycle; volume of solid
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product of reaction Vpr; phenomenological coefficient L of the rate of hydrogen evolution (according to the data of ki-
netic investigations); the total f and specific fsp surface areas of the alloy powder; Rpar, radius of one alloy particle;
νH2

′′ , quantity of hydrogen evolved per unit mass of an alloy; q, quantity of heat formed per unit mass of hydrogen;
Fap, cross-sectional area of the apparatus, and h, the height of the liquid level.

In the first approximation the induction and final periods of reaction are not taken into account. In such a
case the average rate of hydrogen evolution W is close in value to the maximum one calculated by the Volmer–Gibbs
equation [6, 8]:

W = LA ,

A = ∑ 
i,j

νiμi     (i = 1, ..., I ;  j = 1, ..., J) ,     μi = 
⎛
⎜
⎝

dG
dmi

⎞
⎟
⎠P,T,mi≠mj

 .

(1)

The chemical potential of the ith component in a multicomponent mixture represents a change in the Gibbs
free energy of a mixture on introduction into it of a unit mass of the ith component at constant temperature, pressure,
and concentration (mass) of other components. The chemical technology usually employs the dimensionality J ⁄ mole
for μi. However, in the practice of the manufacture of gas generators it is more convenient to use the dimensionality
kJ ⁄ kg, i.e., the value of chemical energy related to 1 kg of the active portion of an alloy.

Using the height of the pulp level h, the superheating of liquid in the lower part of the apparatus is deter-
mined. The speed of the vapor-liquid mixture efflux in adiabatic boiling up of liquid v is calculated from the change
in enthalpy. The actual discharge velocity of the flow v∗ can be found from the relation [10]

v
∗
 = ϕv (0.75 < ϕ < 0.87) . (2)

Relation (2) is applied proceeding from the assumption that the relative effective efficiency of the ascending channel is

ηr.ef = ϕ2
 . (3)

The average flow velocity in the ascending channel (according to experimental data) is

vav = 
2
3

 v
∗
 .

(4)

Using the known value of W, the corresponding quantity of heat Q evolved in the course of reaction is determined.
The mass of the vapor formed is given by the equation

G ′′   = Q
∗ ⁄ r ,   Q

∗
 = Q − Qh.e .

With the use of the mass of the vapor, its volume is determined:

V ′′   = G ′′   ⁄ ρ ′′ ,

which makes it possible to evaluate the cross-sectional area of the ascending flow:

fas.fl = V ′′   ⁄ vav .

Next, the Reynolds number of the ascending flow liquid is determined by the method developed for evaporators, with
the diameter of the ascending channel being the determining dimension in the criterion. From the Re number and ex-
perimental data the real value of the coefficient L∗ is determined [6, 11, 12].
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Previous investigations have shown that an increase in the dimensions of apparatuses and density of alloy par-
ticles leads to an increase in the flow circulation nonuniformity and to a decrease in the intensity of gas evolution,
which is reflected in the values of the coefficient L∗ [6].

Next the real rates of hydrogen evolution W∗ and bulk efficiency of the reactor VH2

∗  are calculated in succession:

W
∗
 = L

∗μ fsp ,   VH2

∗
 = W

∗
f
 ∗

 .

At the beginning of the process (α = 0.3) the reaction surface of the powder is equal to

f
 ∗

 = 0.3fsp .

The coincidence between the given value of the bulk efficiency VH2

∗  and the predicted one means that the reaction vol-
ume was selected correctly. Additionally the liquid level in the apparatus at the end of the reaction h∗ and the circu-
lation ratio z are calculated:

h
∗
 = Vp

 ⁄ Fap .

It should be taken into account that the liquid level in the apparatus depends on volumes of the solid products of re-
action and water poured into the apparatus minus the amount of water evaporated and expended on the reaction itself.

Since there is an excess of water in the gas generator relative to the stoichiometric amount, hydrogen is satu-
rated with water vapor. The moisture content of the vapor-gas mixture is determined from the well-known relation
[13]. For normal operation of the gas generator the following condition should hold:

h
∗
 � h .

The circulation ratio corresponds to the expression allowing for the lifetime of an alloy particle τpar and the time taken
by the particle to pass through the circulation circuit τc.c:

z = τpar
 ⁄ τc.c ,   τpar = Vpar

′′   ⁄ (Wfpar
 ∗ ) ,   fpar

 ∗
 = 0.5fpar ,   Vpar

′′   = vH2

′′  mpar ,   mpar = ρVpar .

To calculate individual periods of the process it is advisable to use the Erofeev equation that allows for the
probability of the interaction of the given system molecules [14]:

α = 1 − exp (− kτn) .

In this case, the arithmetic mean reaction surface is replaced by the integral mean one.
An increase in pressure with simultaneous cooling of the gas generator precludes the boiling-up of water. In

this case the hydrodynamic situation in the apparatus is determined by the hydrogen flow. The limiting velocity of liq-
uid circulation practically cannot exceed the value of the local speed of sound [15]:

vmax = 
1 + Uas.fl

√⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯⎯(Uas.flρH2O) ⁄ Pg
 . (5)

Equation (5) is suitable for calculating not only vapor-liquid flows, but also gas-liquid ones. The real velocity of flow
discharge is determined with allowance for the nozzle efficiency determined from the slip coefficient of phases [10].
Relation (5) was developed for jet apparatuses. In our case, an ascending channel in an apparatus with natural circu-
lation is considered. Since the velocity of circulation is related to the gravitational field intensity, it is necessary to use
dependences for air gaslifts.

As is known, with increase in the gas flow rate in the channel of a gaslift the amount of the liquid carried
out first increases to a known limit and then gradually decreases. With decrease in the diameter of the ascending tube
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the efficiency of the air gaslift increases. The magnitude of the efficiency is defined by the ratio of the useful work
to the work done by a working agent [16, 17]. There is a simplified dependence to calculate the moisture content in
an ascending flow [18, 19]:

(1 − ψ) = 
0.01μH2O

0.3
 + 0.14

das.fl
0.34

vg.red
0.48  .

Subsequently this equation is to be nondimensionalized.
The amount of the lifted liquid is determined with allowance for the resistance of the ascending channel and

for the friction caused by the slip of phases. The equation makes it possible to find the amount of the liquid raised
by a gaslift, which in turn allows one to estimate the regimes of flow past the alloy particles. Here it is necessary to
take into account the value of the drag coefficient of a sphere (alloy particles) depending on the Re number [20].

To describe heat exchange between a fixed spherical particle and the liquid around it the Katsnel’son–Ti-
mofeeva [21], Kunii–Levenspiel [22], and Gel’perin–Kvasha [23] relations are used. The processing of experimental
data by the relations suggested by the above-named researchers showed that the Kunii equation yields the smallest de-
viations, while the Katsnel’son–Timofeeva relation yields the greatest ones. In the enumerated equations the exponent
at the Re number changes within 0.5–0.58. When Re < 200, an increase in the flow velocity causes a decrease in the
width of the decelerated region behind the sphere. This leads to an increase in the heat transfer intensity despite the
fall in the drag coefficient [24]. With further increase in the Reynolds number the flow around the sphere acquires a
pulsating character, which leads to an increase in the drag coefficient. In this case the degree of influence of the
Reynolds number on the heat transfer coefficient increases from 0.5 to 0.58.

In the case of a flow around a reacting particle the exponent at the Reynolds number attains 1.3–1.79 [25].
With increase in the flow velocity around the sphere the rate of vapor and gas formation increases, which is accom-
panied by the boundary layer turbulization. Close conditions of heat and mass transfer are observed on water evapora-
tion into its own superheated vapor [26]. After the calculation of the Re number, the heat transfer coefficient is
determined.

To estimate the specific heat loading q, the temperature head between the alloy particles and solution is deter-
mined. Using the pressure in the gas generator, the critical pressure of gas efflux is determined [27]. Next, in the absence
of the solution boiling up, the limiting velocity of gas efflux is determined from Eq. (5) and then the average velocity
of flow from Eq. (4) [28]. The temperature of the solution is determined from the heat balance that allows for the heating
of the interacting products and of the apparatus walls [3]. To the found value of q there corresponds a certain value of
the rate of the process W. The value of W is used to refine the value of the Gibbs specific energy ΔGi, which in turn
allows one to correct the value of the coefficient L. In view of the fact that the value of the Gibbs energy depends on
pressure, in the third approximation it is necessary first to determine its value from the formula [29]

ΔGi = ΔGi
°
 + RT ln (Pf

 ⁄ P°) ,

and then to refine the value of the coefficient L.
The geometric dimensions of the circuit, the dispersity of the alloy powder, and the temperature and pressure

of the reaction are varied until coincidence between the quantity of heat determined from the equation of convective
heat transfer and the kinetic dependence of chemical reaction. This excludes the possible limitation of the reaction rate
by heat removal. Some details of the work were discussed in [1, 6, 9, 11, 12].

Conclusions. The previous investigations showed that with increase in the diameter of the apparatus the heat
and mass transfer rate drops, which is expressed as an increase in the absolute value of the negative exponent at the
Re number. The provision of a pulsating regime considerably intensifies the process. On finding the optimal geometric
dimensions of the apparatus, the intensity of the process is enhanced by selecting the composition of alloys and chang-
ing their structure. The developed model of the process includes gas dynamic laws in combination with the kinetic
ones expressed in terms of chemical potentials. Moreover, the intensity of heat exchange between the phases is esti-
mated. The allowance for the thermodynamic and kinetic factors raises the reliability of the technique of calculation of
hydrogen generators.
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NOTATION

A, chemical reaction affinity; d, diameter, m; F, cross-sectional area, m2; f, surface area of alloy powder,
m2 ⁄ kg; G, mass of reacting substance, kg; GH2

′′ , mass flow rate, kg ⁄ sec; Gi, Gibbs energy, J; h, height, m; k, constant
of the rate of growth of vapor (gas) phase depending on temperature; L, proportionality factor, m3 ⁄ (m2⋅sec⋅J); m, mass
of mixture component, kg; n, constant characterizing geometric elements of the heat transfer surface on which vapor
(gas) bubbles nucleate; P, pressure, Pa; Q, heat, J; q, heat flux density, W ⁄ m2; R, universal gas constant, 8.314
J ⁄ (mole⋅K); Re, Reynolds number; Rpar, alloy particle radius, m; r, vapor generation heat, J ⁄ kg; T, temperature, K; U,
ratio of the volumes of gas and liquid; V, volume, m3; VH2

′′ , bulk flow rate, m3 ⁄ sec; v, velocity, m ⁄ sec; W, rate of
hydrogen evolution, m3 ⁄ (kg⋅sec) or m3 ⁄ (m2⋅sec); z, circulation ratio; α, extent of substance conversion; Δ, change of
the final value; ∑, summation over all the phases and substances participating in reaction; η, efficiency; ϕ, slip coef-
ficient of phases; μ, dynamic coefficient of viscosity, Pa⋅sec; μi, chemical potential, J ⁄ kg; ν, stoichiometric  number of
moles; ρ, density, kg ⁄ m3; τ, time, sec; ψ, gas content, kg of dry gas ⁄ kg of water-gas mixture. Subscripts and super-
scripts: ap, apparatus; as.fl, ascending flow; av, average; c.c, circulation circuit; g, gas; f, final; h.l, heat losses to heat
up the reactor and mixture of reagents; i, j, phase and components of the given phase participating in the reaction; p,
pulp; par, particle; pr, reaction products; r.ef, relatively effective; red, reduced; sp, specific value; w, water; ′, liquid;
′′, vapor; *, real experimental value; °, values of quantities under normal conditions (P = 0.1 MPa, T = 298 K).

REFERENCES

1. V. B. Troshen’kin, G. A. Tkach, and B. A. Troshen’kin, Heat exchange between alloys and water in production
of hydrogen in balloon-type reactors, in: Heat and Mass Transfer–MIF-96: 3rd Minsk Int. Forum [in Russian],
May 20–24, 1996, Minsk (1996), pp. 237–240.

2. B. A. Troshen’kin and V. B. Troshen’kin, Heat and mass transfer under conditions of hydrogen evolution in
reactions of amorphous crystalline alloys with water, Inzh.-Fiz. Zh., 69, No. 6, 1006–1008 (1996).

3. V. B. Troshen’kin, Influence of temperature on the rate of hydrogen displacement from water by silicon-alumi-
num alloys, in: Information Technologies: Science, Technique, Technology, Education, Health, Proc. Scien.-
Tech. Conf., May 12–14, 1997, Khar’kov, in 5 vols., Vol. 4, Khar’kov (1997), pp. 430–432.

4. O. I. Litvinenko, V. A. Gromov, B. O. Troshen’kin, et al., Smelting of ferrosilicoaluminum from wastes of coal
cleaning, in: Metallurgy, Trans. Zaporozh’e State Eng. Acad., Issue 10, 33–37 (2004).

5. A. I. Litvinenko, V. A. Gromov, B. A. Troshen’kin, et al., Requirements of coal waste used in smelting fer-
rosilicoaluminum, in: Metallurgy, Trans. Zaporozh’e State Eng. Acad., Issue 7, 38–40 (2003).

6. V. B. Troshen’kin, Investigation of the process of obtaining hydrogen in an AVG-45 gas generator, in: Heat
and Mass Transfer in Chemicotechnological Devices, Abstracts of Papers and Communications of the 5th Minsk
Int. Heat and Mass Transfer Forum [in Russian], May 24–28, 2004, Minsk, ITMO im. A. V. Lykova NAN
Belarusi (2004), Vol. 2, pp. 451–452.

7. V. B. Troshen’kin, Thermodynamics of the process of obtaining hydrogen on interaction of aluminum, silicon,
and iron with water, in: Collection of Scientific papers "Power and Thermal Engineering Processes and Equip-
ment," Khar’kov, NTU "KhPI" (2005), Issue 6, pp. 181–189 (http://users.kpi.ua/tars/books/Vestnik, 2005.pdf).

8. B. A. Troshen’kin, Heat transfer in liberation of hydrogen in reactions of alumosilicon alloys with water, in:
Heat and Mass Transfer–MIF-92: 2nd Minsk Int. Forum [in Russian], May 18–22, 1992, Minsk (1992), Vol. 3,
pp. 89–92.

9. B. A. Troshen’kin and T. N. Dolgikh, Method of calculating hydrogen reactors, in: Problems of Atomic Science
and Technology, Series "Atomic-Hydrogen Power Engineering and Technology" (1997), Issue 1, pp. 90–92.

10. V. A. Zysin, P. A. Baranov, V. A. Barilovich, et al., Effervescing Adiabatic Flows [in Russian], Atomizdat,
Moscow (1976).

11. V. B. Troshen’kin, Method to calculate reactors for producing hydrogen form water with the aid of silicon and
aluminum alloys, in: Ecology of Chemical Engineering and Biotechnology: A jubilee collection of papers of the
faculty of chemical technology and industrial ecology, Khar’kov, Khar’kov State Polytechnic University (1996),
Vol. 1, pp. 107–111.

169



12. B. A. Troshen’kin, Renewable Energy, in 2 parts, Pt. 1. Thermodynamics of Lithosphere. Geothermal Electrical
Stations [in Russian], Fort, Khar’kov (2004).

13. K. F. Pavlov, P. G. Romankov, and A. A. Noskov, Examples and Problems in the Course of Lectures on the
Processes and Apparatuses of Chemical Technology [in Russian], Khimiya, Leningrad (1970).

14. B. V. Erofeev, Generalized equation of chemical kinetics and its application to reactions with participation of
solid substances, Dokl. Akad. Nauk Ukr. SSR, 12, No. 6, 515–518 (1946).

15. E. Ya. Sokolov and A. M. Zinger, Jet Apparatuses [in Russian], E′nergoatomizdat, Moscow (1989).
16. L. V. Porolo, Air-Gas Lifts of Liquid (Airgaslifts) [in Russian], Mashinostroenie, Moscow (1969).
17. V. G. Geier, L. N. Kozyryatskii, V. S. Pashchenko, et al., Airlifts [in Russian], Donetsk Politekhn. Inst.,

Donetsk (1982).
18. R. K. Mukhametshin, A. A. Gareev, V. A. Sakharov, and B. A. Akopyan, Increase of the efficiency of opera-

tion of gaslift wells, Neft. Khoz., No. 11, 40–43 (1988).
19. B. A. Akopyan, Development of the Procedure for Calculating the Regimes of Operation of a Periodic Gaslift,

Author’s Abstract of Candidate’s Dissertation (in Engineering), Moscow Institute of Petroleum and Gas, Mos-
cow (1989).

20. I. E. Idel’chik, Some Interesting Effects and Paradoxes in Aerodynamics and Hydraulics [in Russian], Mashi-
nostroenie, Moscow (1982).

21. S. S. Kutateladze, Principles of the Theory of Heat Transfer [in Russian], Nauka, Novosibirsk (1970).
22. D. Kunii and O. Levenspiel, Fluidization Engineering [Russian translation], Khimiya, Moscow (1976).
23. B. S. Sazhin, Principles of the Drying Technique [in Russian], Khimiya, Moscow (1984).
24. A. P. Solodov, F. F. Tsvetkov, A. V. Eliseev, and V. A. Osipov, Practical Work on Heat Transfer [in Rus-

sian], E′nergoatomizdat, Moscow (1986).
25. V. B. Troshen’kin, Heat and mass transfer in interaction of activated aluminum with water, Vestn. Khar’kov

Politekh. Univ., Issue 49, 14–18 (1999).
26. A. V. Luikov, Theory of Drying [in Russian], E′nergiya, Moscow (1968).
27. A. S. Yastrzhembskii, Technical Thermodynamics [in Russian], Gose′nergoizdat, Moscow–Leningrad (1960).
28. V. B. Troshen’kin, Improvement of the Process and Reactor for Production of Hydrogen from Water with the

Aid of Alloys Obtainable from the Inorganic Part of Coals, Author’s Abstract of Candidate’s Dissertation (in
Engineering), State Polytechnic University, Khar’kov (1999).

29. R. Dickerson, H. Gray, and G. Haight, Chemistry Principles [Russian translation], in 2 vols., Mir, Moscow,
Vols. 1–2 (1982).

170



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [594.000 792.000]
>> setpagedevice


