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The influence of oxygen enrichment on performance and emission characteristics 
of a single cylinder diesel engine operated with biodiesel blends have been inves-
tigated in this work. The methyl ester of jatropha biodiesel was selected as bio-
diesel and four blends (B10, B20, B30, and B40) were selected for experimental 
investigations. The performance and emission characteristics were obtained for 
the these blends along with three oxygen enrichment flow rates (1, 3, and 5 L per 
minute) using an oxygen cylinder at the air intake in the diesel engine. The per-
formance and emission characteristics were studied and compared with the die-
sel and biodiesel. It was observed that, oxygen enrichment enhances the brake 
thermal efficiency, HC, CO, and smoke. B10 biodiesel with 5 L per minute oxy-
gen enrichment was found to be the best fuel for biodiesel operation.  
Key words: oxygen enrichment, biodiesel blends, engine performance  

Introduction 

The diesel engines are most commonly used in public transport, farming, and power 
generation applications. However, the fast exhaustion of fossil fuel resources and its poor en-
vironmental impacts have created research interests on identifying an alternative option for 
diesel fuels [1, 2]. During last two decades, many investigations and improvement initiatives 
have been progressed with biodiesel fuels as alternatives. Biodiesels are regarded as environ-
mentally pleasant fuels comprised completely of renewable resources which have the prospec-
tive to reduce fossil diesel dependency and greenhouse gas emissions. Biodiesels are mixtures 
of fatty acid methyl (or ethyl) esters resulting from vegetable oils, animal fat, algae, or resi-
dues of food processing processes by transterification with the aid of methanol (or ethanol) as 
a solvent to lesser the viscosity and surface tension adequately to allow satisfactory atomiza-
tion of the sprays in engines [3-7]. Among all biodiesel available, jatropha has the high poten-
tial in India because of minimum water requirement, less maintenance, land availability, and 
government mission. The jatropha biodiesel can be produced effectively by transesterification 
process [8-10]. However, the use of biodiesel has certain boundaries such as, high viscosity 
primary to poor atomization and engine gum drop leads to injector chocking in the existing 
engines. The insufficient oxygen quantity in the engine intake while using biodiesel results in 
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raise particulate emissions, CO, and unburned HC. The problems of biodiesel may be reduced 
by adopting methods like exhaust gas recirculation, water injection, pre-heating, and oxygen 
enrichment. The oxygen enrichment in the engine intake overcomes the major environmental 
drawbacks and improves the combustion characteristics, and reduces the emissions. Earlier 
reported studies confirmed that the engine emissions such as, CO, particulate emissions, un-
burned HC, more ignition delay were significantly reduced by enriching the oxygen in the en-
gine intake [11-15]. The cited literatures confirmed that many research and development ac-
tivities have been reported on the performance enhancement of diesel engines using oxygen 
enrichment. However, there is no specific work reported on oxygen enrichment for the use of 
jatropha oil. Hence, this research work aims to attempt the oxygen enrichment in a single cyl-
inder diesel engine using jatropha biodiesel for varying proportions of oxygen flow rate and 
varying biodiesel blends. The objective of this work is to find the performance and emission 
characteristics of oxygen enriched biodiesel blends in a single cylinder diesel engine.  

Production of biodiesel 

Jatropha biodiesel is produced by reacting with a methanol in presence of sulfuric 
acid catalyst. It is obtained by two stage process. The first stage process is called etherifica-
tion with methanol and acid catalyst (sulfuric acid-98% pure) for one hour reaction at 60 °C. 
The second stage is called transesterification. Triglyceride of the jatropha oil reacts with 
methanol with base catalyst potassium hydroxide about 65 °C and form ester and glycerol. 
The tri glyceride is converted to diglyceride. After transesterification, the two layers were 
formed. The top cold layer was biodiesel and the bottom layer was glycerin. The raw jatropha 
biodiesel were separated from the glycerol layer after water washing [16]. 

Experimental set-up 

The experimental set-up is shown in fig. 1. The atmospheric air is supplied into the 
mixing chamber through the air filter, which filters the air and other impurities. The experi-
mental set-up is equipped with oxygen cylinder, pressure gauge, and flow meter, which enrich 
the amount of oxygen in the mixing chamber. The atmospheric air and the additional oxygen 
supplied gets mixed up in the mixing chamber and supplied into engine combustion chamber 

 
Figure 1. Schematic view of experimental set-up 
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during the fuel flow. The fuel to red in the tank supplies the required quantity. The fuel flow 
is controlled by means of a control valve. The engine crank shaft is connected with eddy cur-
rent dynamometer. The emissions in the exhaust gas passed through the exhaust pipe were 
measured using gas analyzer (tab 1). 

Experimental procedure 

The engine working conditions and water availability were checked. Then the en-
gine was started and allowed to run to attain steady-state conditions to avoid the transient er-
rors. The atmospheric air was enriched with 
oxygen by integrating the mixing chamber 
with separate oxygen cylinder. The mixing 
chamber was connected with the inlet mani-
fold. The oxygen flow was measured using 
the oxygen flow meter and the oxygen pres-
sure can be controlled by a pressure regula-
tor. The oxygen supply was varied at the 
rate of 1, 3, and 5 L per minute. The oxygen 
flow measurement was monitored by oxy-
gen flow meter. The biodiesel B10 (90% 
diesel and 10% jatropha biodiesel), B20 
(80% diesel and 20% jatropha biodiesel), 
B30 (70% diesel and 30% jatropha bio-
diesel), and B40 (60% diesel and 40% 
jatropha biodiesel) were prepared separately. 
The engine performance was tested using 
each biodiesel fuel blend. The load was var-
ied manually between 0 and 16 kg (five dif-
ferent loads such as, 0, 4, 8, 12, and 16 kg) and it was checked with digital indicator. The fuel 
flow was controlled by a control valve. The engine speed was maintained at 1500 rpm, which 
was measured by a digital tachometer. The oxygen supply was measured using oxygen flow 
meter. The oxygen gets mixed with atmospheric air in the mixing chamber. Initially, the oxy-
gen flow was maintained at 1 L per minute using oxygen control valve. The performance of 
engine was evaluated for B10, B20, B30, B40, and B50 fuel blends and the experimental ob-
servations were made for five different loading conditions (such as 0, 4, 8, 12, and 16 kg). 
The volume of air intake was monitored using orifice meter-manometer set-up. The fuel con-
sumption was measured using burette. Then the oxygen flow was varied as 3 and 5 L per mi-
nute and the experimental procedures were repeated.  

Result and discussions 

The performance and emission results of various tests conducted on biodiesel with 
varying flow rates of oxygen are presented here.  

The variations of brake thermal efficiency with load for B10, B20, B30, and B40 bi-
odiesel blends under the influence of 1, 3, and 5 L per minute oxygen enrichment are com-
pared in fig. 2. It is observed that, brake thermal efficiency (BTE) is decreased with biodiesel 
blend and is increased with increase in oxygen concentration at the engine intake. The de-
creases in BTE are 2, 4, 6, and 8% for B10, B20, B30, and B40 blends, respectively, when 
compared with diesel. The average increases in BTE are 1.5, 3, and 4.5% for 1, 3, and 5 L per  

Table 1. Specifications of the experimental set-up 

Description  Specifications 

Make  Kirolosker  

Power  5 HP 

Number of  
cylinders/cooling  1/water 

Bore and stroke  80 mm and 110 mm  

Capacity  661 cm3  

Speed  1500 rpm 

Compression ration  12:1-18:1 

Load  Eddy current dynamometer 

Fuel tank capacity  15 L  

Exhaust gas analyzer  AVL 444 gas analyzer  
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Figure 2. Variations of load vs. brake thermal efficiency for various blends and oxygen enrichment 

minute, respectively, in B10 blend. The average increases in BTE are 3, 6, and 9% for 1, 3, 
and 5 L per minute, respectively, in B20 blend. The average increases in BTE are 4.5, 9, and 
13.5% for 1, 3, and 5 L per minute, respectively, in B30 blend. The average increases in BTE 
are 6, 12, and 18% for 1, 3, and 5 L per minute, respectively, in B40 blend. These results 
show that oxygen flow rate of oxygen produces more efficiency because of complete combus-
tion in the engine. 

The variations of hydrocarbon (HC) with load for B10, B20, B30, and B40 biodiesel 
blends under the influence of 1, 3, and 5 L per minute oxygen enrichment are compared in  
fig. 3. It is observed that, HC is decreased with biodiesel blend and is further decreased with 
increase in oxygen concentration at the engine intake. The decreases in BTE are 6, 9, 12, and 
16% for B10, B20, B30, and B40 blends, respectively, when compared with diesel. The aver-
age decreases in HC are 25.4, 58.3, and 82% for 1, 3, and 5 L per minute, respectively, for all 
biodiesel blends when compared with base biodiesel blend. The decrease in HC for biodiesel 
blend is due to complete combustion because of oxygenated blends. The further decrease in 
HC in oxygen enrichment is due to excess oxygen present in the system. 

The variations of carbon monoxide with load for B10, B20, B30, and B40 biodiesel 
blends under the influence of 1, 3, and 5 L per minute oxygen enrichment are compared in  
fig. 4. It is observed that, carbon monoxide (CO) is increased with biodiesel blend and is de-
creased with increase in oxygen concentration at the engine intake. The decreases in CO are 1, 
2, 3, and 4% for B10, B20, B30, and B40 blends when compared with diesel. The average de-
creases in HC are 38.4, 53.8, and 77% for 1, 3, and 5 L per minute, respectively, for all bio-
diesel blends when compared with base biodiesel blends. The increase in HC for biodiesel 
blend is due to incomplete combustion because of poor oxygen in the system. The decrease in 
HC in oxygen enrichment is due to oxygen present in the system which produces complete 
combustion.   

The variations of CO2 with load for B10, B20, B30, and B40 biodiesel blends under 
the influence of 1, 3, and 5 L per minute oxygen enrichment are compared in fig. 5. It is  
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Figure 3. Variations of load vs. HC for various blends and oxygen enrichment 

    

    
Figure 4. Variations of load vs. CO for various blends and oxygen enrichment 

observed that, CO2 is decreased with biodiesel blend and is increased with increase in oxygen 
concentration at the engine intake. The decreases in CO2 are 2, 4, 6, and 8% for B10, B20, 
B30, and B40 blends when compared with diesel. The average increases in HC are 15.6, 
31.25, and 41.6% for 1, 3, and 5 L per minute, respectively, for all biodiesel blends when 
compared with base biodiesel blends. The decrease in CO2 for biodiesel blend is due to in-
complete combustion because of poor oxygen in the system. The increase in CO2 in oxygen 
enrichment is due to oxygen present in the system which produces complete combustion.   



Vaiyapuri, S. M., et al.:Influence of Oxygen Enrichment on Compression … 
S486 THERMAL SCIENCE, Year 2017, Vol. 21, Suppl. 2, pp. S481-S488 

    

    
Figure 5. Variations of load vs. CO2 for various blends and oxygen enrichment 

The variations of NOx with load for B10, B20, B30, and B40 biodiesel blends under 
the influence of 1, 3, and 5 L per minute oxygen enrichment are compared in fig. 6. It is ob-
served that, oxides of nitrogen (NOx) is increased with biodiesel blend and is further increased 
with increase in oxygen concentration at the engine intake. The increases in NOx are 3, 6, 9, 
and 12% for B10, B20, B30, and B40 blends, respectively, when compared with diesel. The 
average further increases in NOx are 5.7, 14.28, and 20.7% for 1, 3, and 5 L per minute, re-
spectively, for all biodiesel blends when compared with base biodiesel blends. The increase in 

    

    
Figure 6. Variations of load vs. NOx for various blends and oxygen enrichment 
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NOx for biodiesel blend is due to complete combustion because of oxygenated fuel in the sys-
tem. The further increase in NOx in oxygen enrichment is due to excess oxygen present in the 
system.   

The variations of smoke with load for B10, B20, B30, and B40 biodiesel blends under 
the influence of 1, 3, and 5 L per minute oxygen enrichment are compared in fig. 7. It is ob-
served that smoke decreases with biodiesel blend and is further decreased with increase in oxy-
gen concentration at the engine intake. The decreases in smoke are 3, 6, 9, and 12% for B10, 
B20, B30, and B40 blends, respectively, when compared with diesel. The average further in-
creases in smoke are 33, 50, and 67% for 1, 3, and 5 L per minute, respectively, for all biodiesel 
blends when compared with base biodiesel blends. The decrease in smoke for biodiesel blend is 
due to complete combustion because of oxygenated fuel in the system. The further decrease in 
smoke in oxygen enrichment is due to excess oxygen which completed burning completely. 

    

    
Figure 7. Variations of load vs. smoke for various blends and oxygen enrichment 

Conclusions  

The performance and emission characteristics of a single cylinder diesel using four 
jatropha biodiesel blends (B10, B20, B30, and B40) under the influence of three oxygen en-
richment (1, 3, and 5 L per minute) have been investigated and the following major conclu-
sions are drawn.   
• In biodiesel blends, the decreases in brake thermal efficiency, HC, and smoke were ob-

tained. And also increases in CO, CO2, and NOx were obtained for biodiesel blends. 
These problems of biodiesel were attempted by using oxygen enrichment in this work. 

• The thermal efficiency was improved for oxygen enrichment in biodiesel and it was high-
est as 34.54% for B40 blend with 5 L per minute oxygen enrichment.  

• The HC emission was decreased for oxygen enrichment in biodiesel and it was lowest as 
11.18 PPM for B40 blend with 5 L per minute oxygen enrichment.  

• The CO emission was decreased for oxygen enrichment in biodiesel and it was lowest as 
0.19 % volume for B10 blend with 5 L per minute oxygen enrichment.  
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• The CO2 was increased for oxygen enrichment in biodiesel and it was highest as 4.44% 
volume for B10 blend with 5 L per minute oxygen enrichment.  

• The NOx emissions were increased for oxygen enrichment in biodiesel and it was highest 
as 992 PPM for B40 blend with 5 L per minute oxygen enrichment.  

• The smoke emission was decreased for oxygen enrichment in biodiesel and it was lowest 
as 25 HSU for B40 blend with 5 L per minute oxygen enrichment.  

• The B10 blend along with 5 L per minute oxygen enrichment will be the best option as it 
gives increases increased brake thermal efficiency and reduced HC, CO, CO2, NOx, and 
smoke emissions. 

References 
[1] Barbella, R., et al., Soot and Unburnt Liquid Hydrocarbon Emissions from Diesel Engines, Combustion 

Science and Technology, 59 (2007), Apr., pp. 183-198  
[2] Tiruvenkadam, N., et al., Synthesis of New Aluminum Nanohybrid Composite Liner for Energy Saving 

in Diesel Engines, Energy Conversion and Management, 98 (2015), July, pp. 440-448 
[3] Demirbas, A., Biodiesel Fuels from Vegetable Oils via Catalytic and Non-Catalytic Supercritical Alco-

hol Transesterification and other Methods: a Survey, Energy Conversation and Management, 44 (2003), 
13, pp. 2093-2109 

[4] Baiju, B., et al., A Comparative Evaluation of Compression Ignition Engine Characteristics Using Me-
thyl and Ethyl Esters of Karanja Oil, Renewable Energy, 34 (2009), 6, pp. 1616-1621  

[5] Agarwal, A. K., et al., Experimental Investigations of Performance and Emissions of Karanja Oil and Its 
Blends in a Single Cylinder Agricultural Diesel Engine, Applied Energy, 86 (2009), 1, pp. 106-112 

[6] Acharya, S., et al., The Optimization of Injection Pressure of a Direct Injection Diesel Engine Using 
Karanja Oil (Preheated and Blended) as a Fuel, Energy Sources, Part A: Recovery, Utilization, and En-
vironmental Effects, 33 (2009), Sept., pp. 1250-1259 

[7] Subhash, L., et al., Effect of Different Percentages of Biodiesel-Diesel Blends on Injection Spray, Com-
bustion Performance, and Emission Characteristics of a Diesel Engine, Fuel, 139 (2015), 1, pp. 537-545 

[8] Neyda, C., et al., Transesterification of Jatropha Curcas Oil Glycerides: Theoretical and Experimental 
Studies of Biodiesel Reaction, Fuel, 87 (2008), 10-11, pp. 2286-2295  

[9] Forson, K., et al., Performance of Jatropha Oil Blends in a Diesel Engine, Renewable Energy, 29 (2004), 
7, pp. 1135-1145  

[10] Kumar, A., et al., Biodiesel Production from Jatropha Oil (Jatropha Curcas) with High Free Fatty Acids: 
An Optimized Process, Biomass and Bioenergy, 31 (2007), 8, pp. 569-575 

[11] Donahue, R. J., Foster, D. E., Effects of Oxygen Enhancement on the Emissions from a Diesel via Ma-
nipulation of Fuels and Combustion Chamber Gas Composition, SAE Technical Paper, 2000-01-0512, 
2000, pp. 334-349 

[12] Song, J., et al., Comparison of the Impact of Intake Oxygen Enrichment and Fuel Oxygenation on Diesel 
Combustion and Emissions, Energy Fuels, 19 (2004), 1, pp. 1282-1290  

[13] Liang, Y., et al., Effect of Oxygen Enriched Combustion and Water-Diesel Emulsion on the Perfor-
mance and Emissions of Turbocharged Diesel Engine, Energy Conversation and Management, 73 
(2013), Sept., pp. 69-77 

[14] Nguyen, V. H., et al., Biodiesels: Oxidizing Enhancers to Improve CI Engine Performance and Emission 
Quality, Fuel, 154 (2015), 15, pp. 293-300  

[15] Mohsen, M. A., et al., Effect of Adding Oxygen to the Intake Air on a Dual-Fuel Engine Performance, 
Emissions and Knock Tendency, Energy, 61 (2013), 1, pp. 612-620 

[16] Bobade, S. N., et al., Preparation of Methyl Ester (Biodiesel) from Jatropha Curcas Linn Oil, Research 
Journal of Agriculture and Forestry Sciences, 1 (2013), 2, pp. 12-19  

 
 
 

Paper submitted: April 11, 2017 © 2017 Society of Thermal Engineers of Serbia.  
Paper revised: September 9, 2017 Published by the Vinča Institute of Nuclear Sciences, Belgrade, Serbia. 
Paper accepted: September 28, 2017 This is an open access article distributed under the CC BY-NC-ND 4.0 terms and conditions.  

http://www.vin.bg.ac.rs/index.php/en/


<<
  /ASCII85EncodePages false
  /AllowPSXObjects false
  /AllowTransparency false
  /AlwaysEmbed [
    true
  ]
  /AntiAliasColorImages false
  /AntiAliasGrayImages false
  /AntiAliasMonoImages false
  /AutoFilterColorImages true
  /AutoFilterGrayImages true
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalCMYKProfile (Coated FOGRA39 \050ISO 12647-2:2004\051)
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CheckCompliance [
    /None
  ]
  /ColorACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorConversionStrategy /LeaveColorUnchanged
  /ColorImageAutoFilterStrategy /JPEG
  /ColorImageDepth -1
  /ColorImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /ColorImageDownsampleThreshold 1.50000
  /ColorImageDownsampleType /Bicubic
  /ColorImageFilter /DCTEncode
  /ColorImageMinDownsampleDepth 1
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /ColorImageResolution 300
  /ColorSettingsFile ()
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /CreateJDFFile false
  /CreateJobTicket false
  /CropColorImages false
  /CropGrayImages false
  /CropMonoImages false
  /DSCReportingLevel 0
  /DefaultRenderingIntent /Default
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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.)
    /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 <>
  >>
  /DetectBlends true
  /DetectCurves 0.10000
  /DoThumbnails false
  /DownsampleColorImages false
  /DownsampleGrayImages false
  /DownsampleMonoImages false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /EmbedOpenType false
  /EmitDSCWarnings false
  /EncodeColorImages true
  /EncodeGrayImages true
  /EncodeMonoImages true
  /EndPage -1
  /GrayACSImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageAutoFilterStrategy /JPEG
  /GrayImageDepth -1
  /GrayImageDict <<
    /HSamples [
      1
      1
      1
      1
    ]
    /QFactor 0.15000
    /VSamples [
      1
      1
      1
      1
    ]
  >>
  /GrayImageDownsampleThreshold 1.50000
  /GrayImageDownsampleType /Bicubic
  /GrayImageFilter /DCTEncode
  /GrayImageMinDownsampleDepth 2
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /GrayImageResolution 300
  /ImageMemory 1048576
  /JPEG2000ColorACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000ColorImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayACSImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /JPEG2000GrayImageDict <<
    /Quality 30
    /TileHeight 256
    /TileWidth 256
  >>
  /LockDistillerParams false
  /MaxSubsetPct 100
  /MonoImageDepth -1
  /MonoImageDict <<
    /K -1
  >>
  /MonoImageDownsampleThreshold 1.50000
  /MonoImageDownsampleType /Bicubic
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /MonoImageResolution 1200
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /NeverEmbed [
    true
  ]
  /OPM 1
  /Optimize true
  /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 0.25000
      /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
    >>
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXBleedBoxToTrimBoxOffset [
    0
    0
    0
    0
  ]
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXOutputCondition ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputIntentProfile (None)
  /PDFXRegistryName ()
  /PDFXSetBleedBoxToMediaBox true
  /PDFXTrapped /False
  /PDFXTrimBoxToMediaBoxOffset [
    0
    0
    0
    0
  ]
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /ParseICCProfilesInComments true
  /PassThroughJPEGImages 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
  /sRGBProfile (sRGB IEC61966-2.1)
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2159.000 2794.000]
>> setpagedevice


