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Super-critical water gasification of biomass is a promising technology for hydro-
gen production. In order to achieve high hydrogen yield and complete gasifica-
tion, the operating parameters were investigated and the solid residual was ana-
lyzed to study the reaction bottleneck by Fourier transform infrared spectroscopy 
and scanning electron microscopy. The experimental results showed that most 
organic functional groups in corn cob were consumed by super-critical water 
above 500 °C, however, the aromatic substance and cyclic ketone were remained. 
The K2CO3 has the best catalytic effect due to the formation of pore structure in 
the residual particle surface. The carbon gasification efficiency of 97.97% and 
the hydrogen yield was 50.28 mol/kg. 
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Introduction 

With the depletion of the fossil fuel and increasing environmental pollution, more 
attention has been paid to develop new energy sources, particularly hydrogen. Super-critical 
water gasification attracts attention because it is a promising hydrogen production from bio-
mass, particularly agriculture wastes [1-3]. Super-critical water provides a homogeneous envi-
ronment for biomass conversion to omit the inter-phase resistance of heat and mass transfer. 
The H2 and CO2 was achieved after the clean conversion of biomass to a mixture fluid of su-
per-critical water, which has potential of power generation [4-8]. 

The process of super-critical water is complicated and Fourier transform infrared spec-
troscopy (FTIR) analyze is an important tool to reveal the reaction products distribution in the 
process of super-critical water treatment of biomass and its model compound. Qian et al. [9] 
conducted the FTIR and gas chromatography/mass spectrometry (GC/MS) analyze for the 
woody biomass liquefaction in sub and super-critical water. Williams [10] performed functional 
group compositional analysis of the oils derived from the gasification of the model biomass 
compounds and the Cassava biomass waste. Sasaki et al. [11] identified the macromolecular 
structures of the precipitates for the hydrolysis of cellulose in sub- and super-critical water. 
Fang et al. [12] investigated the reaction chemistry and phase behavior of lignin in super-critical 
water. Zou et al. [13] studied bio-oil production from sub- and super-critical water liquefaction 
of microalgae. The previous achievements provided important information about the reaction 
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pathway in the process of super-critical water treatment. However, the parameter mainly covers 
around the critical point, and the aims of super-critical water treatments are mainly liquefaction.  

The non-catalytic gasification of corn cob in super-critical water was investigated and 
the effects of residence time and temperature were studied with the FTIR to obtain the reaction 
bottleneck for complete gasification. The KOH, NaOH, K2CO3, and Na2CO3 were employed as 
catalyst to obtain the best catalyst taking the reaction solid residual into consideration.  

Experimental section 

The gasification experiments were conducted in a high-throughput batch reaction sys-
tems with six individual channels. Detailed description of the reaction system was published in 
[14]. Corn cob was collected from the suburban of city of Xi’an, Shaanxi Province. The corn 
cob was dried and ground until the size of biomass particle was smaller than 180 µm. The ul-
timate and proximate analysis results are listed as tab. 1. The C, H, S, N, and O present the rel-
ative element content by mass in the ultimate analysis for corn cob, respectively. The M, A, V, 
and FC stand for  moisture content, ash content, volatile content and fixed carbon content, re-
spectively. Qb,ad  stands for the bomb calorific value of corn cob as air dried basis. All these re-
agents were analytical pure. After reaction, the gas produced by the gasification was detected 
quantitatively and qualitatively by HP7890 gas chromatograph. The residual solid after the re-
action was characterized by Bruker Vertex 70 spectrometer made by Germany Bruker and 
SSX-550 scanning electron microscope (SEM) made by Japanese company SHIMADZU. The 
FTIR spectra of the samples were obtained by a Bruker Vertex 70 spectrometer. 

Table 1. Element and proximate analysis of corn cob 

Ultimate analysis (wt.%) Proximate analysis (wt.%) Qb,ad 
[MJkg–1] 

C H S N O*a M A V FC 

43.92 6.31 0.47 0.39 4.33 6.29 2.29 79.79 17.92 16.285 

*a 
By difference 

Results and discussion 

Effect of reaction time 

Figure 1 shows the effect of reaction temperature on corn cob gasification in super-
critical water. It can be drawn that as the residence time increased, hydrogen fraction, hydro-
gen yield, and carbon gasification efficiency also increased. However, as the residence time  

 
Figure 1. Effect of residence time on corn cob gasification in super-critical water 
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was more was relatively long, the growth rate was not obvious. It was possible that the gasifi-
cation in autoclave resulted in the side-reaction, and unwanted produced was generated which 
was difficult to be gasified again. Therefore, the effect of residence time when the residence 
time was more than ten minutes was not obvious. 

Effect of temperature 

The effect of reaction temperature is illustrated in fig 2. It can be seen that reaction 
temperature played a significant role in corn cob gasification. When the temperature increased 
from 500 °C to 750 °C, the hydrogen fraction increased more than 60%, and the hydrogen 
yield increased to 42.14 mol/kg. High temperature increased the free radical reaction pathway 
to favor gas production reaction.  

 
Figure 2. Effect of reaction temperature on corn cob gasification in super-critical water; concentration 
10 wt.%, 20 minute; K2CO3: corn cob = 1:1, 23~25 MPa 

The FTIR spectra of original corn cob 
(fig. 3) shows that there is a wide range and in-
tensity of peaks in the 3200-3600 cm–1 range 
which was caused by O-H and N-H intensity of 
vibration, indicating that alcohols, carboxylic 
acid, amino compound, and amine compound 
existed. A peak at 2902 cm–1 represented the 
symmetric C-H elastic vibration, which indicat-
ed the presence offatty chain. A peak of 1732 
cm–1 represented the existence of polyxlose. 
The peak from 1606~1515 proved the protein in 
corn cob. At a wavelength of 1000 to 1200 cm–

1, the peak represented the C-O stretching vi-
bration, indicating that a polysaccharide sub-
stance existing in the corn cob, more accurately, 
which showed the presence of cellulose [15, 16]. The peak between 760 cm–1 and 500 cm–1 
represented the aromatic structure. It can be seen that after super-critical water gasification, 
most of the peaks disappeared. It was indicated that most of the organic functional groups 
were consumed during the gasification process. There were two obvious peaks left at  
503 cm–1 and 617 cm–1 and represents cyclic ketone and aromatic compounds. 

 
Figure 3. The FTIR characteristics of the 
original corncob and residual solid in different 
reaction temperature; concentration 10 wt.%, 
650 °C, 23~25 MPa 
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Effect of different alkali catalysts 

The enhancement mechanism of catalyst was investigated as seen in fig 4. It can been 
seen that as for the hydrogen fraction, K2CO3, and Na2CO3 did not increase the hydrogen frac-
tion significantly, while KOH and NaOH increased the hydrogen fraction to 62.06% and 
65.41%. Because KOH and NaOH absorbed the CO2 in gas products, and enhance the water 
gas shift reaction. By the same reason, the hydrogen yield with the catalyst of KOH or NaOH 
were higher than K2CO3 or Na2CO3. However, the carbon gasification efficiency of K2CO3 or 
Na2CO3 are higher than KOH or NaOH, and reached 70.97%, and 64.18% at 650 °C. 

 
Figure 4. Effect of different catalysts on corn cob gasification in super-critical water; concentration  
10 wt.%, 20 min, 650 °C; catalyst corn cob = 1:1, 23~25 MPa 

The SEM analyze was seen in fig. 5(a). It can be seen that the original corn cob has 
typical loosen texture of biomass. In the process of super-critical water gasification, the corn 
cob particles underwent super-critical water gasification reaction. The coking reaction is a 
typical unwanted products when the heat and mass transfer was not coupled with chemical re-

     

     
Figure 5. Effect of different catalysts on corn cob gasification in super-critical water; concentration  
10 wt.%, 20 min, 650 °C; catalyst corn cob = 1:1, 23~25 MPa; (a) without catalyst, (b) NaOH, (c) KOH, 
(d) Na2CO3, (e) K2CO3, (f) K2CO3 (×200,000) 
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actions. The coke is difficult to be gasified 
again once formed, catalyst may enhance the 
gasification of the solid residual. It can be seen 
from figs. 5(b) and 5(c) that with the catalyst of 
KOH and NaOH, the coke has smooth surface 
and typical pore structure was formed. It can be 
observed from figs. 5(d)-(f) that, with the cata-
lyst of K2CO3 and Na2CO3, the pore structure 
was more obvious [17, 18]. 

The effect of different catalyst was inves-
tigated as seen in fig. 6. It could be seen that 
most of the organic functional groups were 
consumed after catalytic super-critical water 
gasification. Two peaks were left, and one is 
within the wavelength of 1000 to 1200 cm–1, 
which shows the remained polysaccharide sub-
stances. The other peak was at approximately 1385 cm–1, represented the existence of car-
bonate. It can be seen that the carbonate also existed in the reaction catalytic condition of 
NaOH and KOH, which proved the absorption of CO2 with NaOH and KOH. 

Effect of catalyst loading amount 

The effect of catalyst loading was investigated in fig. 7. It is not cost-effective to use 
excessive amount of catalyst to increase to such a small extent. As the concentration of cata-
lyst decreased from 10% to 5%, the hydrogen yield decreased from 40.65 mol/kg to  
35.45 mol/kg. The reducing amplitude is not obvious when the catalyst loading is decreased 
by 50%. It was believed that super-critical water fluidized bed has potential to gasify coal 
with small amount of catalyst [5]. 

 
Figure 7. Effect of catalyst loading on corn cob gasification in super-critical water (20 min, 700 °C); 
concentration 10 wt.%, 700 °C, 20 min, 23~25 MPa 

Effect of corn cob concentration 

The influence of concentration of corn cob upon the gasification was quite obvious 
seen in fig. 8. When the concentration of corn cob was 5%, the hydrogen fraction was 58.85, 

 
Figure 6. Fourier transformed infrared spectral 
variation characteristics of the original corn cob 
and residual solid under different catalysts; 
concentration 10 wt.%, 650 °C, 23~25 MPa 
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while when the concentration of corn cob was 20 wt.%, the hydrogen fraction was only 
31.01%. In autoclave, the heat and mass transfer was not sufficient and high concentration of 
corn cob resulted in the inhibition of steam reforming reaction and water gas shift reaction, 
therefore the hydrogen fraction decreased as concentration of corn cob increased. For the 
same reaction, when the concentration of corn cob decreased from 20 wt.% to 5 wt.%, the 
carbon gasification efficiency increased from 52.79% to 97.97%. 

 
Figure 8. Effect of concentration on corn cob gasification in super-critical water; 700 °C, 20 min, 
K2CO3 corn cob = 1:1, 23~25 MPa 

Conclusions 

The gasification characteristics of corn cob in super-critical water with an autoclave 
were obtained in this paper. Main conclusions were drawn: 
• The enhancement of reaction temperature and residence time in the gasification results 

was quite limited. Most organic functional groups were consumed when the reaction tem-
perature was 500 °C. Only aromatic substance and cyclic ketones were remained, and 
their amount decreased as reaction temperature increased. 

• The K2CO3 and Na2CO3 enhance the formation of pore structure and increased the carbon 
gasification efficiency. The carbon gasification efficiency of corn cob was 97.97% in su-
per-critical water with K2CO3. 

• Alkaline catalyst can consumed the organic functional groups. The NaOH and KOH ob-
viously enhanced the hydrogen yield. 

Acknowledgment 

This work was financially supported by the National Natural Science Foundation of 
China (Contract No. 51306145 and 51236007) and the National Basic Research Program of 
China (Contract No. 2012CB215303). 

References 
[1] Guo, L., et al., Boiling Coal in Water: Hydrogen Production and Power Generation System with Zero 

Net CO2 Emission Based on Coal and Supercritical Water Gasification, International Journal of Hydro-
gen Energy, 38 (2013), 29, pp. 12953-12967 

[2] Guo, L., et al., Supercritical Water Gasification Research and Development in China, The Journal of Su-
percritical Fluids, 96 (2015), Jan., pp. 144-150 

[3] Moreschi, S. R., et al., Hydrolysis of Ginger Bagasse Starch in Sub-Critical Water and Carbon Dioxide, 
Journal of Agricultural and Food Chemistry, 52 (2004), 6, pp. 1753-1758 



Jin, H., et al.: Interfacial Surface Investigation of Super-Critical Water … 
THERMAL SCIENCE, Year 2016, Vol. 20, Suppl. 3, pp. S895-S901 S901 

[4] Timko, M. T., et al., Upgrading and Desulfurization of Heavy Oils by Supercritical Water, The Journal 
of Supercritical Fluids, 96 (2015), pp. 114-123 

[5] Jin, H., et al., Hydrogen Production by Zhundong Coal Gasification in Supercritical Water, International 
Journal of Hydrogen Energy, 40 (2015), 14, pp. 16096-16103 

[6] Jin, H., et al., Study on Gasification Kinetics of Hydrogen Production from Lignite in Supercritical Wa-
ter, International Journal of Hydrogen Energy, 40 (2015), 24, pp. 7523-7529 

[7] Jin, H., et al., A Mathematical Model and Numerical Investigation for Glycerol Gasification in Super-
critical Water with a Tubular Reactor, The Journal of Supercritical Fluids, 107 (2015), Jan., pp. 526-533 

[8] Sunden, B., et al., Gas Turbine Blade Tip Heat Transfer and Cooling: A Literature Survey, Heat Trans-
fer Engineering, 31 (2010), 7, pp. 527-554 

[9] Qian, Y., et al., Structural Analysis of Bio-Oils from Sub- and Supercritical Water Liquefaction of 
Woody Biomass, Energy, 32 (2007), 2, pp. 196-202 

[10] Williams, P. T., et al., Sub-Critical and Supercritical Water Gasification of Cellulose, Starch, Glucose, 
and Biomass Waste, Energy & Fuels, 20 (2006), 3, pp. 1259-1265 

[11] Sasaki, M., et al., Dissolution and Hydrolysis of Cellulose in Sub-Critical and Supercritical Water, In-
dustrial & Engineering Chemistry Research, 39 (2000), 8, pp. 2883-2890 

[12] Fang, Z., et al., Reaction Chemistry and Phase Behavior of Lignin in High-Temperature and Supercriti-
cal Water, Bioresource Technology, 99 (2008), 9, pp. 3424-3430 

[13] Zou, S., et al., Bio-Oil Production from Sub- and Supercritical Water Liquefaction of Microalgae Dunal-
iella Tertiolecta and Related Properties, Energy & Environmental Science, 3 (2010), 8 , pp. 1073-1078 

[14] Lan, R., et al., Hydrogen Production by Catalytic Gasification of Coal in Supercritical Water, Energy & 
Fuels, 28 (2014), 11, pp. 6911-6917 

[15] Chen, Y., et al., An Experimental Investigation of Sewage Sludge Gasification in Near and Supercritical 
Water Using a Batch Reactor, International Journal of Hydrogen Energy, 38 (2013), 29, pp. 12912-
12920. 

[16] Hayashi, H., et al., Hydrothermal Synthesis of Titania Photocatalyst under Sub-Critical and Supercritical 
Water Conditions, Journal of Materials Chemistry, 12 (2002), 12, pp. 3671-3676 

[17] Osada, M., et al., Stability of Supported Ruthenium Catalysts for Lignin Gasification in Supercritical 
Water, Energy & Fuels, 20 (2006), 6, pp. 2337-2343 

[18] Yoshida, T., et al., Partial Oxidative and Catalytic Biomass Gasification in Supercritical Water: a Prom-
ising Flow Reactor System, Industrial & Engineering Chemistry Research, 43 (2004), 15, pp. 4097-4104 

 
 

 
 
 
 
 
 
 

Paper submitted: January 17, 2016 
Paper revised: February 21, 2016 
Paper accepted: March 12, 2016 



<<

  /ASCII85EncodePages false

  /AllowTransparency false

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (sRGB IEC61966-2.1)

  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)

  /sRGBProfile (sRGB IEC61966-2.1)

  /CannotEmbedFontPolicy /Warning

  /CompatibilityLevel 1.3

  /CompressObjects /Off

  /CompressPages true

  /ConvertImagesToIndexed true

  /PassThroughJPEGImages true

  /CreateJobTicket false

  /DefaultRenderingIntent /Default

  /DetectBlends true

  /DetectCurves 0.1000

  /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 false

  /PreserveHalftoneInfo false

  /PreserveOPIComments false

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Remove

  /UCRandBGInfo /Remove

  /UsePrologue false

  /ColorSettingsFile ()

  /AlwaysEmbed [ true

  ]

  /NeverEmbed [ true

  ]

  /AntiAliasColorImages false

  /CropColorImages false

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /DownsampleColorImages false

  /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 false

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /DownsampleGrayImages false

  /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 false

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /DownsampleMonoImages false

  /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 (None)

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputCondition ()

  /PDFXRegistryName ()

  /PDFXTrapped /False



  /CreateJDFFile 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

      /BleedOffset [

        0

        0

        0

        0

      ]

      /ConvertColors /NoConversion

      /DestinationProfileName ()

      /DestinationProfileSelector /NA

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure true

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.250000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /NA

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /LeaveUntagged

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [2159.000 2794.000]

>> setpagedevice



