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Abstract 

The copper-chlorine (Cu-Cl) cycle has been identified by Atomic Energy of Canada Ltd. (AECL) as 
a promising cycle for thermochemical hydrogen production with a Super-Critical Water Reactor 
(SCWR). Currently a research group at the University of Ontario Institute of Technology (UOIT) is 
building an integrated laboratory demonstration of the Cu-Cl cycle for 5 kg H2/day. This paper 
reports on the hydrodynamics of a reaction of cupric chloride particles with superheated steam in a 
fluidized bed reactor, as part of a Cu-Cl thermochemical cycle. Input heat to the cycle is supplied 
partly by waste heat for production of hydrogen, through splitting of water into oxygen and 
hydrogen. A numerical analysis is carried out to study the effects of the bed's operating parameters, 
such as the superficial gas velocity and bed inventory on bed height, average bubble diameter and 
bed void fraction. The results are presented for both a lab-scale and full-scale bed reactor. The 
consistency of the computed results is observed for both cases. When increasing the superficial 
velocity of the fluidizing gas (steam), it results in a taller bed height, larger mean bubble diameter 
and larger bed void fraction. Similar results are obtained with respect to the bed inventory. 
However, when it rises, the bed void fraction becomes smaller at a given gas velocity. Furthermore, 
it is shown that when the sphericity factor of the solid particles increases, the bed height decreases. 
These results provide useful new insight into the transport phenomena analysis of the reaction of 
copper chloride with steam. 

1. Introduction 

Currently the world consumes about 85 million barrels of oil and 104 trillion cubic feet of natural gas 
per day, releasing greenhouse gases that contribute to global warming. Unlike fossil fuels, hydrogen is 
a sustainable and clean energy carrier, which is widely believed to be the world's next-generation fuel. 
Hydrogen demand is expected to rise dramatically over the next few decades. The worldwide hydrogen 
market is currently valued at over 282 billion dollars per year, growing at 10%/year, doubling to 
20%/year by 2010, and expected to continue rising to 40%/year by 2020 to reach several trillions 
dollars by 2020. Dincer [1] has outlined many of the key technical and environmental concerns of 
hydrogen production. The predominant existing process for large-scale hydrogen production is steam-
methane reforming (SMR). However, SMR is a carbon-based technology that emits a primary 
greenhouse gas (carbon dioxide). In contrast, nuclear-based hydrogen production does not emit 
greenhouse gases. Nuclear heat can be supplied abundantly for large-scale capacities of hydrogen 
production [2]. Operating temperatures are key factors for thermochemical methods of hydrogen 
production. Thus, optimization of heat flows is important for high energy conversion efficiency [3]. 
Thermochemical "water splitting" requires an intermediate heat exchanger between the nuclear reactor 
and hydrogen plant, which transfers heat from the reactor coolant to the thermochemical cycle [4]. 
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Atomic Energy of Canada Ltd. (AECL) [5] has identified the copper-chlorine (Cu-Cl) cycle to be a 
promising cycle for thermochemical hydrogen production. Water is decomposed into hydrogen and 
oxygen through intermediate Cu-Cl compounds. Currently a research team led by the University of 
Ontario Institute of Technology (UOIT) is building a laboratory demonstration of the Cu-Cl cycle for 5 
kg H2/day. Past studies of the copper-chlorine cycle may be found, for instance, in Refs. [2, 6-7]. The 
Cu-Cl thermochemical cycle uses a series of reactions to achieve the overall splitting of water into 
hydrogen and oxygen. The primary components of the cycle are four interconnected reaction vessels, 
with intermediate heat exchangers, and a drying step. The sequence of steps in the Cu-Cl cycle is 
shown in Table 1. 

Table 1 - Steps in the Cu-Cl thermochemical cycle for hydrogen production [2] 

Step I  Reaction I Temperature Range, °C 

1 I 2Cu(s) + 2HC1(g) —> 2CuC1(1) + H2(g) _I 430-475 

2 I 2CuCl(s) —> 2CuCl(aq) —> CuCl2(aq) + Cu(s) _I  Ambient (electrolysis) 

3 I CuC12(aq) —> CuCl2(s) I > 100 

4 I 2CuC12(s) + 1120(g) —> CuO*CuCl2(s) + 2HC1(g) I 400 

5 I  CuO*CuCl2(s) —> 2CuC1(1) + 1/202(g) I  500 

1 

This paper focuses on reaction 4 in Table 1 of the Cu-Cl cycle, when cupric chloride particles are 
brought to react with superheated steam in a fluidized bed reactor. The purpose is to study the 
hydrodynamic behavior of the reaction, leading to better understanding of the interaction between key 
bed properties, such as the superficial velocity, bed inventory, bed height, void fraction, etc. The 
reaction of cupric chloride particles with steam is an endothermic reaction that requires a certain 
amount of heat input, depending upon the reaction temperature. Figure 1 depicts the Gibbs energy of 
this reaction, as a function of temperature. At 375°C, the value of AG (31.6 kJ/mole) given by Lewis 
[8] is close to the computed value in this paper. 

This paper is primarily intended to study the fluid-dynamics of the fluidized bed reactor, as a basis for 
future studies on transport phenomena of the step 4 reaction. A solution algorithm is introduced in this 
paper to enable a numerical investigation on hydrodynamics of the bed. Moreover, the results are 
presented both for a lab-scale and full-scale reactor. 
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Figure 1 - Gibbs free energy for the reaction of cupric chloride particles with steam at various 
reaction temperatures. The marker in the figure is a value given by Lewis [9]. 
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2. Hydrodynamics of the fluidized bed 

This section analyzes the hydrodynamics of a fluidized bed reactor which is schematically shown in 
Fig. 2. The governing equations can be used to evaluate bed properties and determine the key 
parameters related to the fluid-dynamics of gas-solid mixing phenomena, within a fluidized reactor. 

2.1 Bubble velocity 

The minimum fluidization velocity as described by Grace [9] is determined from Eq. (1) for Ar<103. 

g(1) P ki
2 

U mf = 0'00061 
Pg 

(1) 

Equation (1) shows the influence of key variables on U. For group B particles (cupric chloride 
particles in this study), the bubbling begins as soon as the superficial velocity of the gas exceeds Umf, 
so that the minimum bubbling velocity, U mb, is equal to Umf. 

For Geldart B solids, the velocity of a bubble is defined as [10] 

U b = 1.6KU 0 — U mf )± 1.134.5 iDt1.35 + U br (2) 

where db denotes the bubble diameter, Dt is the bed diameter and Ubr represents the relative velocity of 
the bubble, defined as 

U br = 0.711(g.db )" 

2.2 Void fraction (bed void fraction) 

(3) 

The bed void fraction represented by Eb is another important parameter of a fluidized bed. The 
following expression [11] is utilized to determine this parameter. 

b =1 
U 0 U m

f 

U br 

where Emf represents the bed void fraction at minimum fluidization conditions, which are usually 
defined based on experimental measurements. However, if there is a lack of data, it may be estimated 
based on the particle spherecity, Os as 

1— emf 

1+ 

)1 / 3 

(4) 

mf 140s 
e =   (5) 
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where εmf represents the bed void fraction at minimum fluidization conditions, which are usually 
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2.3 Bed height 

It is essential to first present the expression which describes the bed height at minimum fluidization as 
follows, 

Lmf = 
b 

p p (1 — £ mf XRD /4) 
(6) 

where Wb is the bed inventory. Thus, one may obtain the bed height at an operating condition of the 
fluidized bed using Eq. (7) [10]. 

1— emf
L

f 
=L

mf 1—eb

2.4 Bubble diameter 

The local bubble diameter at a given height above the distributor (z) can be calculated as 

(7) 

L 
db = dbm —(dbm — dbo )exp[— 0.3 D z) (8) 

where dbm and do denote, respectively, the maximum and initial bubble diameters defined as 

dbm = Min{163.77[0.7854.(U0 — Umf ),),2 r, 

dbo — 

L g 

0.082 [U0 — Umf 1 CIA

g 0.2 Nor 

0.0278 (U0 — u mf

d bo for 

d bo > for 

(9) 

(10) 

Here Nor represents the holes density of the distributor, and 10, denotes the holes pitch on the 
distributor. The average bubble diameter throughout the bed can be defined by integrating Eq. (8) 
along the bed height as follows, 

1 r f
db,ave = db dz (11) 

Lf ° 

The solution of the above integration, taking into consideration Eq. (7), yields 

(
D

( L2 
db ,ave = d bm (dbm dbo )exp f —1 
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2.5 Solution procedure 

In order to analyse the transport phenomena of the fluidized bed, detailed understanding of the 
fluid-dynamic properties of the bed is essential. It is first needed to evaluate the bed height, average 
values of the bubble diameter, bed voidage, etc. A solution flowchart is then developed for 
determining the bed height, bed voidage and average bubble diameter, as illustrated in Fig. 3. This 
flowchart has been employed in this paper to study the hydrodynamics of a lab-scale bed and a full-
scale bed. 

3. Results and Discussion 

The hydrodynamic analysis of fluidized beds in the preceding section is used to investigate fluid-
dynamics of the reaction of cupric chloride particles with superheated steam. The influence of the 
superficial velocity and bed inventory on bed height, bed void fraction and average bubble diameter are 
studied for two bed scales: lab (bench) scale bed, and full-scale bed. 

3.1 Lab-scale bed results 

Figure 4 shows the variation of bed height, average bubble diameter and bed voidage versus superficial 
velocity at three various values of bed inventory. The bed is 16.5-cm high and it has a diameter of 
2.66-cm. Increasing the superficial velocity results in a higher bed height, since the upward force of the 
gas stream acting on suspended particles increases. As expected, the bed height is higher at larger bed 
inventories (Fig. 4a). The predicted average bubble diameter versus superficial velocity of the gas is 
shown in Fig. 4b. At a low flow rate of steam, the initial bubbles formed above the distributor are not 
big enough to contact each other. In contrast, when the gas flow rate is high, the initial bubbles are big 
enough so they overlap when formed. As observed in Fig. 4b, a higher velocity (steam flow rate) 
results in larger bubbles. On the other hand, Fig. 4b shows that the bubble average diameter is larger at 
a heavier bed inventory. This may be due to a taller bed height at a larger bed inventory, so that 
neighboring bubbles have more opportunity to contact and form larger bubbles, which on average 
would lead to a larger bubble diameter at a heavier inventory. Furthermore, Fig. 4c shows that a higher 
superficial velocity may cause a larger bed void fraction. This occurs since a high flow rate of gas at a 
specific bed geometry would occupy more volume of the bed, thereby leading to higher void fraction 
of the bed. However, at a certain gas velocity, the bed void fraction can be reduced by increasing the 
bed inventory, which would require more space. 

The effect of particle diameter in the range of 0.15-35 mm is also investigated. The outcome is 
depicted in Fig. 5, in terms of bed height at varying superficial velocities. A higher bed height for 
smaller particles occurs, since with the same amount of bed inventory, smaller particles lead to a larger 
gap-space between adjacent particles, which may cause a taller bed height. 

Figure 6 illustrates the influence of particle sphericity on the bed height at three different bed 
inventories. As the particle shape becomes more spherical, the height of the bed decreases. When 
the particles have an irregular shape, there will be more free space between adjacent particles, 
compared to the situation when the particles are closer to a spherical shape. Hence, when the 
particle sphericity is smaller, the bed height at a given bed inventory would be taller. 

Lastly, the pressure drop in the stream of steam flowing through the cupric chloride particles in the 
bed is further calculated as a function of bed inventory. The results are represented in Fig. 7. It can 
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be observed that a heavier inventory would cause more resistance against the path of gas flow and 
the pressure of the gas stream would reduce more. 
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Figure 2 - Schematic diagram of fluidized bed reactor 
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Figure 3 - Solution flowchart for evaluating the bed properties 
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3.2 Full-scale bed results 

In order to investigate the consistency of the hydrodynamic analysis described in section 2, it is 
important to observe the hydrodynamic behavior of a commercial unit. Considering a scaling factor, 
m=24 (as an example), compared to the lab-scale reactor of section 3.1, the height and diameter of the 
reactor are assigned, respectively, as 4m and 0.6448m. Likewise, the effects of gas velocity, bed 
inventory and particle sphericity on bed height, average bubble diameter and bed voidage are studied. 
The results are depicted in Figs. 8-9. The predicted results for a full-scale reactor in Fig. 8 are 
qualitatively the same as the graphs of Fig. 4. Similarly, increasing the superficial velocity causes an 
increase in bed height, average bubble diameter and bed void fraction. Also, a heavier bed inventory 
may result in a taller bed height and larger bubble diameter, whereas it can lead to a smaller bed void 
fraction. 

Additionally, Fig. 9 illustrates the variation of bed height versus particle sphericity in a full-scale bed, 
at three different values of inventory. On an average basis, when the sphericity increases from 0.6 to 
1.0, the bed height decreases 11.8% and the bed height at a minimum fluidization reduces by 13.2%. 
These values for lab-scale results (Fig. 6) are 7.5% and 12.8%, respectively, for the bed height and 
minimum fluidization bed height at Wb=15 g. 

Figure 10 shows the pressure drop in the fluidizing gas stream in the range of 500-1500 kg inventory. It 
is observed that in a commercial reactor, the pressure drop throughout the bed is an important issue 
compared to the lab scale (Fig. 7). 

4. Conclusions 

A research effort is being undertaken at the University of Ontario Institute of Technology (UOIT) to 
build a laboratory prototype for hydrogen production using a thermochemical copper-chlorine (Cu-
Cl) cycle, which includes 5 steps of reactions. Results on the hydrodynamic behavior of step 4 in the 
Cu-Cl cycle, which includes a reaction of cupric chloride particles with superheated steam, are 
reported in this paper. Understanding the hydrodynamics of the reaction is essential in ongoing 
research on transport phenomena of the thermochemical reaction that takes place in a fluidized bed 
reactor. 

The analysis is applicable for either a lab-scale or full-scale bed reactor to observe the effects of 
various key parameters, e.g. superficial gas velocity, bed inventory, particle sphericity, etc. on bed 
behaviour. Overall, consistent results are achieved for the hydrodynamics of both a lab-scale and 
full-scale bed. The numerical results indicate that the bed height, average bubble diameter and bed 
voidage may increase with the superficial velocity. On the other hand, increasing the bed inventory 
is seen to cause an increase in bed height and bubble diameter, while it may result in a smaller bed 
void fraction. These outcomes explicitly show under which situation the bed entrainment might 
occur. 

5. Acknowledgments 

The authors acknowledge the support provided by Atomic Energy of Canada Limited and the Ontario 
Research Excellence Fund. 
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Ubr 
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Wb 

Greek letters 

velocity of bubble, m/s 
relative velocity of bubble, m/s 
minimum fluidized velocity, m/s 
bed inventory, kg 

4 bed void fraction (voidage) 
Emf bed void fraction at minimum fluidization conditions 

lig gas viscosity, Pa/s 

Pg gas density, kgm-3
p, particle density, kgm3

(i)s particle sphericity 

References 

[1] Dincer I., "Technical, Environmental and Exergetic Aspects of Hydrogen Energy Systems", 
International Journal of Hydrogen Energy, vol. 27, no. 3, 2002, pp. 265-285. 

[2] Rosen M. A., Naterer G. F., Sadhankar R., Suppiah S., "Nuclear-based hydrogen production 
with a thermochemical copper-chlorine cycle and supercritical water reactor", Canadian 
Hydrogen Association Workshop, Quebec, October 19 - 20, 2006. 

[3] Naterer G. F., Heat Transfer in Single and Multiphase Systems, CRC Press, Boca Raton, FL, 
2002. 

[4] Forsberg C. W., "Hydrogen, Nuclear Energy and Advanced High-Temperature Reactor", 
International Journal of Hydrogen Energy, vol. 28, 2003, pp. 1073-1081. 

[5] Sadhankar R. R., Li, J, Li, H., Ryland, D. K., Suppiah, S. "Future Hydrogen Production 
Using Nuclear Reactors", Engineering Institute of Canada — Climate Change Technology 
Conference, Ottawa, May, 2006. 

[6] Serban M., Lewis M. A., Basco J. K., "Kinetic study of the hydrogen and oxygen production 
reactions in the copper-chloride thermochemical cycle", AIChE 2004 Spring National 
Meeting, New Orleans, LA, April 25-29, 2004. 

[7] Lewis M. A., Masin J. G., Vilim R. B., "Development of the low temperature Cu-Cl 
thermochemical cycle", International Congress on Advances in Nuclear Power Plants, 
Seoul, Korea, May 15-19, 2005. 

[8] Lewis M. "Recent advances in the Cu-Cl cycle's developments at Argon National 
Laboratory", Workshop on Thermochemical Nuclear-Based Hydrogen Production, UOIT, 
Oshawa, Ontario, Canada, May 28, 2007. 

[9] Crowe T. C., "Multiphase flow handbook", CRC Press, Boca Raton, FL, 2006, Chap. 5. 

[10] Kunii D., Levenspiel 0., "Fluidization Engineering", 2nd edition. Butterworth-Heinemann, 
London, 1991. 

[11] Thompson M. L., Bi H., Grace J. R., "A generalized bubbling/turbulent fluidized-bed reactor 
model", Chemical Engineering Science vol. 54, 1999, pp. 2175-2185. 

12 of 12 

Ub  velocity of bubble, m/s 
Ubr  relative velocity of bubble, m/s 
Umf  minimum fluidized velocity, m/s 
Wb  bed inventory, kg 
 
Greek letters 
 
εb  bed void fraction (voidage) 
εmf  bed void fraction at minimum fluidization conditions 
μg  gas viscosity, Pa/s 
ρg  gas density, kgm-3 
ρp  particle density, kgm-3 

sφ   particle sphericity 

References 

[1] Dincer I., "Technical, Environmental and Exergetic Aspects of Hydrogen Energy Systems", 
International Journal of Hydrogen Energy, vol. 27, no. 3, 2002, pp. 265-285. 

[2] Rosen M. A., Naterer G. F., Sadhankar R., Suppiah S., "Nuclear-based hydrogen production 
with a thermochemical copper-chlorine cycle and supercritical water reactor", Canadian 
Hydrogen Association Workshop, Quebec, October 19 - 20, 2006. 

[3] Naterer G. F., Heat Transfer in Single and Multiphase Systems, CRC Press, Boca Raton, FL, 
2002. 

[4] Forsberg C. W., “Hydrogen, Nuclear Energy and Advanced High-Temperature Reactor”, 
International Journal of Hydrogen Energy, vol. 28, 2003, pp. 1073-1081. 

[5] Sadhankar R. R., Li, J, Li, H., Ryland, D. K., Suppiah, S. “Future Hydrogen Production 
Using Nuclear Reactors”, Engineering Institute of Canada – Climate Change Technology 
Conference, Ottawa, May, 2006. 

[6] Serban M., Lewis M. A., Basco J. K., “Kinetic study of the hydrogen and oxygen production 
reactions in the copper-chloride thermochemical cycle”, AIChE 2004 Spring National 
Meeting, New Orleans, LA, April 25-29, 2004. 

[7] Lewis M. A., Masin J. G., Vilim R. B., “Development of the low temperature Cu-Cl 
thermochemical cycle”, International Congress on Advances in Nuclear Power Plants, 
Seoul, Korea, May 15-19, 2005. 

[8] Lewis M. “Recent advances in the Cu-Cl cycle’s developments at Argon National 
Laboratory”, Workshop on Thermochemical Nuclear-Based Hydrogen Production, UOIT, 
Oshawa, Ontario, Canada, May 28, 2007. 

[9] Crowe T. C., “Multiphase flow handbook”, CRC Press, Boca Raton, FL, 2006, Chap. 5. 

[10] Kunii D., Levenspiel O., “Fluidization Engineering”, 2nd edition. Butterworth-Heinemann, 
London, 1991. 

[11] Thompson M. L., Bi H., Grace J. R., “A generalized bubbling/turbulent fluidized-bed reactor 
model“, Chemical Engineering Science vol. 54, 1999, pp. 2175-2185. 

29th Annual Conference of the Canadian Nuclear Society 
32nd CNS/CNA Student Conference

June 1-4, 2008
Marriott Eaton Centre, Toronto, Ontario

12 of 12


	Abstract
	1. Introduction
	2. Hydrodynamics of the fluidized bed
	3. Results and Discussion
	4. Conclusions
	5. Acknowledgments
	References


<<
  /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
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


