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Abstract−We evaluated the effects of Na, K, Ca, and the steam-to-biomass (S/B) ratio on gasification efficiency during

syngas production. The results show that H2 production was positively correlated with the S/B ratio. However, increases

in the S/B ratio were limited because excessive steam decreased the reactor temperature and hampered the gasification

process. Regarding the effects of alkali metals on syngas composition, we found that the addition of either Na or K

increased the molar percentages of H2 and CO, but decreased CH4 and CO2. The results also clearly show that the add-

ition of Na or K improved the yield of syngas, the carbon conversion efficiency, and the cold gas efficiency. Improvements

were especially pronounced with K. Furthermore, Ca had different interactions with Na and K during gasification. When

Na and Ca existed simultaneously, H2 production was enhanced.
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INTRODUCTION

Among the several existing biomass energy conversion technol-

ogies, thermochemistry conversion methods are relatively mature.

These methods include incineration, gasification, and pyrolysis tech-

nologies [1-3]. Gasification is a thermochemical conversion tech-

nology that converts biomass material into combustible gas through

partial oxidation under high temperatures, and most of the prod-

ucts are gaseous. The synthetic gas mixture produced can be used

as a raw material for power generation.

According to previous studies, fluidized gasifiers perform better

than other types of gasifiers, largely because the available feed rate

of the fluidized bed is greater than that of the fixed bed. In fluidized

gasifiers, the heat and mass transfer can be provided by the fuel,

high heating efficiency can be achieved, and there are few limita-

tions on the types of feeding material. Hence, during the develop-

ment of technology to use biomass energy for gas production, the

fluidized bed gasifier is often the better choice [4,5].

Recently, discussions regarding the development of gasification

technology have focused on whether gas production can achieve

higher H2 content and decreases in the formation of tar [6-8]. Dur-

ing the gasification process, tar formation poses a major problem

because it can block the gasifier equipment and affect the produc-

tion of syngas. A common method for the removal of tar is to add

a catalyst or addition agent, which is both convenient and practical

[6]. Many studies have found that added catalysts and additives in-

creased H2 production, heat value, carbon conversion, and the cold

gas efficiency of the produced gas. Common catalysts or additives

include CaO and Ni [9,10]. Hurley et al. [11] also demonstrated

that when the biomass contained metals, such as Ni, Ru, Co, and Fe,

the production of H2 and CO was increased. Among these metals,

the addition of Ni and Ru improved H2 production the most. Wang

et al. [12] showed that the addition of K2CO3 can increase H2 produc-

tion and stop the formation of tar. Therefore, the addition of cata-

lysts and additives in a gasifier can have positive effects during bio-

mass gasification.

During waste treatment, several types of metals such as heavy

metals, alkali metals, and alkaline earth metals may be present in

the waste material. Whereas Na, K, and Ca are generally found in

municipal solid waste and agricultural waste. Using existing met-

als as catalysts for gasification, if possible, would not only enhance

H2 production but also reduce the need for additives. Hence, in this

experiment, the effects of alkali metals, alkaline earth metals, and

the steam-to-biomass (S/B) ratio on gasification were evaluated.

The gas composition, gas yield, carbon conversion efficiency, and

cold gas efficiency were determined. The experimental results pro-

vide valuable information that can be applied to the waste fluidized

bed gasification process.

MATERIALS AND METHODS

1. Artificial Waste

To reduce the differences in the composition of the feeding waste,

artificial waste was prepared in this study. Real waste could not be

used because its composition is often very complex and bound to

vary. The artificial waste was primarily composed of sawdust (6.77g)

and polypropylene (PP) (0.62 g). Additionally, 1.76mL of an aque-

ous metal nitrate solution was added to the artificial waste material,

and the mixture was covered with a polyethylene (PE) plastic bag

(0.51 g). Each package of artificial feed material weighed 9.66 g.

The main constituents of raw materials are listed in Table 1. The

alkali metals were added in the form of two chemical compounds,

NaNO3 and KNO3, and the alkaline earth metal was added in the

form of Ca(NO3)2. The concentrations of Na, K, and Ca added were

0.7wt% of the artificial waste. The specific experimental parame-

ters evaluated included alkali metal elements (Na and K), alkaline
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earth metal (Ca), and S/B ratio. Table 2 lists the operating condi-

tions for the experiments.

2. Fluidized Bed Gasifier

The reactor used in this study was a bubbling fluidized bed gas-

ifier, as shown in Fig. 1. The main chamber was 1.2m in height

and 10 cm in diameter. The bed material was composed of silica

sand that had a density of 2,600 kg/m3 and an average particle size

of 545µm. The mass weight of the bed material was 2.2 kg. The

height (H) of the sand bed was about 18 cm, which was approxi-

mately two times the diameter (D) of the furnace bed (H/D=2). Prior

to the start of the experiment, the minimum fluidization velocity

(U
mf
) was determined from the plot of pressure drop versus gas veloc-

ity, using the method described in detail by Lin et al. [13]. This study

used a value of 1.3 U
mf
 (0.10m/s) to conduct these experiments.

Additionally, this amount of air equaled an equivalence ratio (ER) of

0.3, which was also used to calculate the composition of the artifi-

cial waste.

3. Operating Procedures

The experiment was started after the reaction temperature stabi-

lized. Artificial wastes were inserted into the fluidized bed through

the feed inlet at a feed rate of 1 package/20 s. During the experi-

ment, we used a standard method to sample gas from the stacks (US

EPA, Method 5 Train, M5). An active air-sampling pump (Model

224-44XR, SKC Gulf Coast Inc.) was used, and the gas was sam-

pled at the collection bag. Collections were performed every 5min,

and the collection time was 48 s. The collection rate was 1 L/min.

The gas produced by gasification was analyzed by gas chromato-

Table 1. Ultimate analysis, proximate analysis, and heat value anal-
ysis of artificial waste

Species Wood chips PP PE

LHV* (MJ/kg) 15.10 45.60 44.90

Moisture 00.74% 00.01% 00.01%

Volatile matter 81.6% 99.99% 99.99%

Fixed carbon 16.6% <0.01% <0.01%

Ash 01.07% <0.01% <0.01%

Carbon 43.12% 86.16% 85.71%

Hydrogen 05.80% 12.20% 13.04%

Nitrogen 05.01% 01.12% 00.86%

Oxygen 46.07% 00.52% 00.39%

* LHV : Lower heating value

Table 2. Operating conditions for the experiments

Run
Temperature

(oC)
ER S/B

NaNO3

(wt%)

KNO3

(wt%)

Ca(NO3)2
(wt%)

Run 1 800 0.3 1.0 - - -

Run 2 800 0.3 1.5 - - -

Run 3 800 0.3 2.0 - - -

Run 4 800 0.3 1.0 0.7

Run 5 800 0.3 1.0 - 0.7 -

Run 6 800 0.3 1.5 0.7 - -

Run 7 800 0.3 1.5 - 0.7 -

Run 8 800 0.3 1.0 0.7 - 0.7

Run 9 800 0.3 1.0 - 0.7 0.7

Fig. 1. Bubbling fluidized bed incinerator.
1. PID controller 5. Electric resistance 09. Carbon filter 13. Induced fan
2. Blower 6. Sand bed 10. Low temperature water tank
3. Flow meter 7. Feeder 11. Particle filter
4. Thermocouple 8. Cyclone 12. Silica gel
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graph equipped with a thermal conductivity detector (TCD). The

pipe column was composed of a Carboxen-1000 60/80 mesh. The

main gases analyzed were N2, H2, CO, CO2, and CH4. The test data

included the molar percentage composition, yield, and heat value

of the produced gas. The carbon conversion efficiency and cold gas

efficiency were also calculated in this study.

RESULTS AND DISCUSSION

1.Effects of Steam-to-biomass Ratio (S/B) on Gas Production

Fig. 2 illustrates the gas composition distribution at an S/B ratio

of 2.0. From our experimental results, the gas composition was found

to be stable after 15min of operation. Fig. 3 shows the effects of

the S/B ratio on gas composition. To simulate the effect of the S/B

ratio on total gas production in the gasifier, water was added to the

artificial wastes. The experimental results indicated that the H2 molar

percentage increased from 12.1% to 21.7% as the S/B ratio increased

from 1 to 1.5. When the S/B ratio increased from 1.5 to 2, the H2

molar percentage decreased from 21.7% to 21.2%. Luo et al. [14]

demonstrated that the addition of steam in a gasifier can cause meth-

ane-steam reformation and a heat-absorbing reaction as follows:

Fig. 2. The gas composition distribution (without nitrogen) at var-
ious operation times (temperature=800 oC, ER=0.3, U/U

mf
=

1.3, and S/B=2.0).

Fig. 3. The effect of the S/B ratio on the mole fraction of gas com-
position distribution (without nitrogen) (temperature=
800 oC, ER=0.3, and U/U

mf
=1.3).

Fig. 4. The effect of the addition of different alkali metals on the
mole fraction of gas composition distribution (without nitro-
gen) (temperature=800 oC, ER=0.3, and U/U

mf
=1.3, and S/

B=1.0).

CH4+ H2O↔CO+3H2 ∆GH=+206 kJ/mol (1)

CH4+2H2O↔CO2+4H2 ∆GH=+165 kJ/mol (2)

CH4+CO2↔2CO+2H2 ∆GH=+247 kJ/mol (3)

Where ∆GH represents the change in enthalpy.

Additionally, high temperatures can also promote tar reforma-

tion, tar cracking, and improve the yield of H2 according to the fol-

lowing reactions:

Tar+n1H2O→n2CO2+n3H2 ∆GH>0 (4)

∆GH>0 (5)

∆GH>0 (6)

In addition to the above reactions, the water gas reaction and endo-

thermic Boudouard reaction can also change the gas composition.

This can occur via the following reaction equations:

C+H2O↔H2+CO ∆GH=+131 kJ/mol (7)

C+CO2↔2CO ∆GH=+175 kJ/mol (8)

As can be seen from the above reactions, the proportion of H2 in

the produced gas increased and the proportion of CO2 decreased

because high temperatures are more likely to promote endothermic

reactions.

However, when the S/B ratio increased to 2.0, H2 production was

not enhanced any further. Because water was added to the artificial

waste, at a high S/B ratio, the water percentage of the artificial waste

was excessively high and some amount of heat was likely absorbed,

which decreased the temperature in the reactor. This would affect

methane-steam reformation [15]. Indeed, Luo et al. [14] indicated

that the addition of excessive water may reduce the temperature of

the gasifier and affect gas composition. Thus, the S/B ratio can only

be increased to a threshold value during gasification.

2. Effects of Different Alkali Metals on Gas Production

Fig. 4 illustrates the effects of the addition of Na and K on the

C
n
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2
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composition of produced gas. The S/B ratio during these experiments

was 1. The produced gas consisted of H2 (12.1%), CO (33.3%), CH4

(11.12%), and CO2 (43.53%) when no alkali metal was added to

the artificial waste. The results showed that the molar percentage

of H2 increased greatly when the alkali metals were added into the

gasification process. The molar percentage of H2 increased to 23.6%

when Na was added. The highest H2 molar percentage of 29% was

achieved when K was added. These results indicate that the addi-

tion of the alkali metals Na or K increased the production of H2 and

CO and decreased the production of CO2 and CH4. In terms of the

percentage of produced H2, the addition of K had a more pro-

nounced effect on H2 production than that of Na.

The results obtained in this study regarding changes in gas com-

position may have been due to the promotion of oxygen conversion

reactions in the presence of high concentrations of alkali metals.

Sears et al. [16] and Mouijin et al. [17] found that alkali metals might

be first oxidized in the presence of oxygen and would then react

with CO2 to produce CO and H2. Therefore, Na2O or K2O may be

the dominant species during gasification. Other studies have also

reported the oxidation of alkali metals, followed by a circulating

redox reaction with water. The equations that describe the metal-

induced increase in the rate of reaction between H2 and CO are as

follows [18]:

H2O+M2O•C=H2+M2O2•C (9)

αM2O2•C+αC=αM2O•C+αCO (10)

(1−α)M2O2•C+(1−α)CO=(1−α)M2O•C+(1−α)CO2 (11)

Overall reaction H2O+αC=H2+(1−α)CO2+(2α−1)CO (12)

where M represents metal elements.

Mckee [19] studied these reactions further and used the equilib-

rium stability regions of the alkali metal catalysts to perform free

energy calculations and uncover possible catalytic mechanisms. These

mechanisms included a carbothermic reduction reaction, C-CO2

reactions, and C-H2O reactions.

Carbothermic reduction reaction

(Na, K)2CO3+2C=2(Na, K)+3CO (13)

C-CO2 reactions

2(Na, K)+2CO2=(Na, K)2O+CO (14)

(Na, K)2O+CO2=(Na, K)2CO3 (15)

C-H2O reactions

2(Na, K)+2H2O=2(Na, K)OH+H2 (16)

2(Na, K)OH+CO=(Na, K)2CO3+H2 (17)

According to the above equations, the molar percentage of H2 will

increase when alkali metals are added.

The data in Table 3 illustrate the effects of the addition of dif-

ferent alkali metals on gas yield. The gas yield was maintained within

1.86Nm3/kg without the addition of Na. After the addition of Na,

the gas yield was 2.03Nm3/kg. The gas yield increased to 2.15Nm3/

kg after the addition of K. The addition of K produced a higher gas

yield than the addition of Na.

The data in Table 3 also show the effects of different alkali metals

on carbon conversion, heat values, and cold gas efficiency. The re-

sults indicated that the carbon conversion was 87.6% without the

addition of alkali metals. After the addition of alkali metals, the car-

bon conversion increased dramatically. The conversion efficiency

was the highest (97.01%) when K was added. The total gas heat

value was 2.79MJ/Nm3 when no alkali metals were added. After the

addition of Na, the total gas heat value increased to 3.12MJ/Nm3.

After the addition of K, the total gas heat value increased to 3.2MJ/

Nm3. This indicates that the total gas heat value was the highest after

the addition of K. The primary reason for the increase is that the

addition of K can cause a reaction between water and tar, and more

CO and H2 can be produced. The cold gas efficiency increased from

34% to 42.3% after the addition of K. Overall, the alkali metal K

had a greater effect on H2 production, the production of other gases,

carbon conversion, and cold gas efficiency than that of Na.

3. Effects of the Addition of an Alkaline Earth Metal on Gas

Production

Fig. 5 shows the effects of the addition of Ca on the composi-

tion of gas produced by a bubbling fluidized bed gasifier. After the

addition of Na and Ca, H2 increased to 36.5% and CO2 decreased

to 30%. However, after the addition of K and Ca, the H2 decreased

to 21.0%. We estimate that this change of relative gas composition

was caused by alkaline earth oxides after the addition of an alka-

Fig. 5. Comparison of the addition of an alkali metal and an alka-
line earth metal on the mole fraction of gas composition dis-
tribution (without nitrogen) (temperature=800 oC, ER=0.3,
and U/U

mf
=1.3, and S/B=1.0).

Table 3. The effect of alkali metals on the behavior of gas produc-
tion

Non-

addition
Na K

Gas yield (Nm3/kg) 01.86 02.03 02.15

Carbon conversion (%) 87.60 92.61 97.01

Heat value (MJ/Nm3) H2 00.03 0.1 00.11

CH4 00.97 00.79 00.89

CO 01.79 02.23 02.20

Total 02.79 03.12 03.20

Cold gas efficiency (%) 34.00 38.60 42.30
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line earth metal.

Florin and Harris [20] noted that Ca ions may easily form CaO

in a high-temperature environment, and that CaO can capture CO2

in the gasifier to produce CaCO3 and reduce the CO2 content (Eq.

(18)). Additionally, the reactions shown below in Eqs. (19), (20),

and (21) proceed towards the right. These phenomena likely were

responsible for reducing the generation of CO and CH4 (which have

high calorific values) and producing H2 (which has a low calorific

value). Based on what is known about H2 conversion, the addition

of CaO could increase the H2 yield while depleting CO and CH4.

CaO+CO2→CaCO3 ∆GH=−170.5 kJ/mol (18)

C+2H2O→CO2+2H2 ∆GH=+100 kJ/mol (19)

CH4+2H2O→CO2+4H2 ∆GH=+165 kJ/mol (20)

CO+H2O→CO2+H2 ∆GH=−41 kJ/mol (21)

After the addition of Ca, the gas yield increased from 2.01Nm3/

kg to 2.12Nm3/kg. The total cold gas efficiency had a downward

trend after the addition of Ca. Therefore, coexistence of Na and Ca

can be expected to increase the gasification efficiency and enhance

H2 production.

CONCLUSIONS

We considered the effects of Na, K, and Ca additions on the gas-

ification efficiency of artificial wastes in a fluidized bed gasifier. The

experimental parameters investigated included the addition of alkali

metals (Na and K), the addition of an alkaline earth element (Ca),

and variations in the S/B ratio. The experimental results indicated

that a steam conversion reaction occurred when the S/B ratio was

1.5. Also, the H2 composition of gas increased. The increase in the

S/B ratio was limited because excessive steam affected the temper-

ature in the reactor and worsened the gasification process. Regard-

ing the effects of the addition of Na and K on gas production, we

found that the addition of either Na or K increased the amount of

H2 and CO produced and decreased the amount of CH4 and CO2

produced. The gas yield, carbon conversion, total gas heat value,

and cold gas efficiency increased after the addition of alkali metals.

Hydrogen production, gas yield, carbon conversion, and cold gas

efficiency improved more after the addition of K than after the addi-

tion of Na. However, the added Ca had a different interaction with

Na and K during gasification. When Na and Ca existed simulta-

neously, the gasification efficiency increased, which thereby enhanced

H2 production.

ACKNOWLEDGEMENTS

The authors thank the National Science Council of the Republic

of China, Taiwan, for financially supporting this research under Con-

tract NSC 100-2628-E-390-001-MY3.

REFERENCES

1. K.H. Lee, G.T. Kim and J.G. Choi, Korean J. Chem. Eng., 28, 1468

(2011).

2. H. Namkung, T. J. Kang, L.H. Xu, Y.S. Jeon and H.T. Kim, Korean

J. Chem. Eng., 29, 464 (2012).

3. J.M. Lee, D.W. Kim and J. S. Kim, Korean J. Chem. Eng., 29, 452

(2012).

4. P. Basu, Combustion and gasification in fluidized beds, CRC Press

in Taylor & Francis Group, Florida, USA (2006).

5. M. Ni, D.Y.C. Leung, M.K.H. Leung and K. Sumathy, Fuel Proc.

Technol., 87, 461 (2006).

6. L. Devi, K. J. Ptasinski and F. J. J.G. Janssen, Biomass Bioenergy,

24, 125 (2003).

7. D. Ross, R. Noda, M. Horio, A. Kosminski, P. Ashman and P. Mull-

inger, Fuel, 86, 1417 (2007).

8. U. Arena, L. Zaccariello and M. L. Mastellone, Waste Manage., 29,

783 (2009).

9. P. Weerachanchai, M. Horio and C. Tangsathitkulchai, Bioresour.

Technol., 100, 1419 (2009).

10. L. García, M.L. Salvador, J. Arauzo and R. Bilbao, Fuel Proc. Tech-

nol., 69, 157 (2001).

11. S. Hurley, H. Li and C. Xu, Bioresour. Technol., 101, 9301 (2010).

12. J. Wang, M. Jiang, Y. Yao and J. Zhang, Fuel, 88, 1572 (2009).

13. C. L. Lin, M. Y. Wey and S. D. You, Powder Technol., 126, 297

(2002).

14. S. Luo, B. Xiao, Z. Hu, S. Liu, X. Guo and M. He, Int. J. Hydrog.

Energy, 34, 2191 (2009).

15. L. Shen, Y. Gao and J. Xiao, Biomass Bioenergy, 32, 120 (2008).

16. J. T. Sears, H. S. Muralidhara and C.Y. Wen, Ind. Eng. Chem. Proc.

Des. Dev., 19, 58 (1980).

17. J. A. Mouijin, M. B. Cenfontain and F. Kapteijn, Fuel, 63, 1043

(1984).

18. J.M. Saber, J. L. Falconer and L. F. Brown, Fuel, 65, 1356 (1986).

19. D.W. Mckee, Fuel, 62, 170 (1983).

20. N.H. Florin and A.T. Harris, Int. J. Hydrog. Energy, 31, 945 (2007).



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageDownsampleThreshold 1.33333
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageDownsampleThreshold 1.33333
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 150
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.33333
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /DetectCurves 0.000000
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /PreserveDICMYKValues true
  /PreserveFlatness true
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /ColorImageMinDownsampleDepth 1
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /GrayImageMinDownsampleDepth 2
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /PDFXOutputConditionIdentifier ()
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


