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Abstract 

The methyl esters of vegetable oils, known as biodiesel are becoming increasingly popular because of their low 
environmental impact and potential as a green alternative fuel for diesel engine and they would not require significant 
modification of existing engine hardware. Methyl ester of Pongamia (PME), Jatropha (JME) and Neem (NME) are derived 
through transesterification process. Experimental investigations have been carried out to examine properties, performance 
and emissions of different blends (B10, B20, and B40) of PME, JME and NME in comparison to diesel. Results indicated 
that B20 have closer performance to diesel and B100 had lower brake thermal efficiency mainly due to its high viscosity 
compared to diesel. However, its diesel blends showed reasonable efficiencies, lower smoke, CO and HC. Pongamia methyl 
ester gives better performance compared to Jatropha and Neem methyl esters. 
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1. Introduction 

Fuels derived from renewable biological resources for 
use in diesel engines are known as biodiesel. Biodiesel is 
environmentally friendly liquid fuel similar to petrol-diesel 
in combustion properties. Increasing environmental 
concern, diminishing petroleum reserves and agriculture 
based economy of our country are the driving forces to 
promote biodiesel as an alternate fuel. Biodiesel derived 
from vegetable oil and animal fats is being used in USA 
and Europe to reduce air pollution, to reduce dependence 
on fossil fuel. In USA and Europe, their surplus edible oils 
like soybean oil, sunflower oil and rapeseed oil are being 
used as feed stock for the production of biodiesel. [1, 4] 

Since India is net importer of vegetable oils, edible oils 
cannot be used for production of biodiesel. India has the 
potential to be a leading world producer of biodiesel, as 
biodiesel can be harvested and sourced from non-edible 
oils like Jatropha Curcus, Pongamia Pinnata, Neem ( 
Azadirachta indica), Mahua, castor, linseed, Kusum 
(Schlechera trijuga), etc. Some of these oils produced even 
now are not being properly utilized. Out of these plants, 
India is focusing on Jatropha Curcas and Pongamia 
Pinnata, which can grow in arid and wastelands. Oil 
content in the Jatropha and Pongamia seed is around 30- 
40 %. India has about 80-100 million hectares of 

wasteland, which can be used for Jatropha and Pongamia 
plantation. India is one of the largest producer Neem oil 
and its seed contains 30% oil content. It is an untapped 
source in India. [2, 3] 

Implementation of biodiesel in India will lead to many 
advantages like green cover to wasteland, support to 
agriculture and rural economy and reduction in 
dependence on imported crude oil and reduction in air 
pollution. [3] 

 Pryde et al (1982) reviewed the reported successes and 
shortcomings for alternative fuel research. However, long-
term engine test results showed that durability problems 
were encountered with vegetable oils because of deposit 
formation, carbon buildup and lubricating oil 
contamination. Thus, it was concluded that vegetable oils 
must either be chemically altered or blended with diesel 
fuel to prevent premature engine failure. 

Blending, cracking/pyrolysis, emulsification or 
transesterification of vegetable oils may overcome these 
problems. Heating and blending of vegetable oils may 
reduce the viscosity and improve volatility of vegetable 
oils but its molecular structure remains unchanged. Hence, 
polyunsaturated character remains. Blending of vegetable 
oils with diesel, however, reduces the viscosity drastically 
and the fuel handling system of the engine can handle 
vegetable oil-diesel blends without any problems. On the 
basis of experimental investigations, it is found that 
converting vegetable oils into simple esters is an effective 
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way to overcome all the problems associated with the 
vegetable oils. Most of the conventional production 
methods for biodiesel use basic or acidic catalysist. A 
reaction time of 45min to 1h and reaction temperature of 
55-65° C are required for completion of reaction and 
formation of respective esters. [5, 6, 7] 

Biodiesel consists of alkyl esters of fatty acids 
produced by the tranesterification of vegetable oils. The 
use of biodiesel in diesel engines require no hardware 
modification. In addition, biodiesel is a superior fuel than 
diesel because of lower sulpher content, higher flash point 
and lower aromatic content. Biodiesel fuelled engine emits 
fewer pollutants. Biodiesel can be used in its pure form or 
as a blend of diesel. It can also be used as a diesel fuel 
additive to improve its properties. 

Agarwal [3] observed significant improvement in 
engine performance and emission characteristics for the 
biodiesel fuelled engine compared to diesel fuelled engine. 
Thermal efficiency of the engine improved, brake specific 
fuel consumption reduced and a considerable reduction in 
the exhaust smoke opacity was observed.  

2. Tranesterification: 

The formation of methyl esters by transesterification of 
vegetable oil requires raw oil, 15% of methanol & 5% of 
sodium hydroxide on mass basis. However, 
transesterification is an equilibrium reaction in which 
excess alcohol is required to drive the reaction very close 
to completion. The vegetable oil was chemically reacted 
with an alcohol in presence of a catalyst to produce methyl 
esters. Glycerol was produced as a by-product of 
transesterification reaction. 
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Where R1, R2, & R3are long chain hydrocarbons. 
The mixture was stirred continuously and then allowed 

to settle under gravity in a separating funnel. Two distinct 
layers form after gravity settling for 24 h. The upper layer 
was of ester and lower layer was of glycerol. The lower 
layer was separated out. The separated ester was mixed 
with some warm water (around 10 % volume of ester) to 
remove the catalyst present in ester and allowed to settle 
under gravity for another 24 h. The catalyst got dissolved 
in water, which was separated and removed the moisture. 
The methyl ester was then blended with mineral diesel in 
various concentrations for preparing biodiesel blends to be 
used in CI engine for conducting various engine tests. [3, 
6, 15] 

3. Experimental setup:  

The Present study was carried out to investigate the 
performance and emission characteristics of Jatropha, 

Pongamia and Neem methyl esters in a stationary single 
cylinder diesel engine and to compare it with diesel duel. 
Technical specifications of the engine are given in Table 1. 
The engine was coupled to a rope brake dynamometer. The 
major pollutants in the exhaust of a diesel engine are 
smoke. AVL 437smoke meter was used to measure the 
smoke density of the exhaust from diesel engine. 
HORIBA-MEXA-324 FB was used for the measurement 
of CO and HC emissions. 

The engine was operated on diesel first and then on 
methyl esters of Jatropha, Pongamia, Neem and their 
blends. The different fuel blends and mineral diesel were 
subjected to performance and emission tests on the engine. 
The performance data were then analyzed from the graphs 
regarding thermal efficiency, brake-specific fuel 
consumption and smoke density of all fuels. The brake –
specific fuel consumption is not a very reliable parameter 
to compare different fuels, as the calorific values and the 
densities are different. 

 
Figure 1: Experimental Setup 
1) Engine 
2) Dynamometer 
3) Fuel Tank (Bio-diesel) 
4) Diesel Tank 
5) Burettes 
6) Three way valve 

7) Air box 
8) Manometer 
9) Air flow direction 
10) Exhaust Analyzer (CO & HC) 
11) Smoke meter 
12) Exhaust flow 

 

Table 1: Engine Specifications 

Type Kirloskar 

Details Single cylinder, Four stroke,  
DI, Water cooled  

Bore & Stroke 80 × 110 mm 
Compression ratio 16.5 :1 
Rated   Power  3.7 KW at 1500 rpm 
Injector Opening 
Pressure 210 bar 

4. Results and Discussions: 

The experimental investigation was carried out for 
different blends of Pongamia, Jatropha and Neem methyl 
esters (biodiesel) and the performance was evaluated and 
compared with diesel. 
1. In Fig. 2, the Kinematic Viscosity (at room temperature 

of 35°C) of different blends of methyl esters B10, B20, 
B40 and B100 are higher than the viscosity of diesel. 
But up to B20 the viscosity of biodiesel is very close to 
the viscosity of diesel. So that the biodiesel of B5, B10, 
B15 and B20 blends can be used with out any heating 
arrangement.  
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Fig. 2: Kinematic Viscosity Vs Blends 

2. The density of different blends of methyl esters are 
increased with increase in blend percentage as shown in 
Fig.3. The blends of B5, B10, B15 and B20 of 
Pongamia, Jatropha and Neem methyl esters are closer 
to the viscosity of diesel, because of which Pongamia, 
Jatropha and Neem methyl esters are an alternative fuel 
for diesel. The high density of methyl esters (B25, B30, 
B60 etc.) t can be reduced by heating of fuel. 

830

840

850

860

870

880

890

900

910

920

B
5

B
10

B
15

B
20

B
30

B
40

B
60

B
80

B
10

0

R
A

W
O

IL

D
IE

S
E

L

Blends of Biodiesel (%)

D
en

si
ty

(K
g/

m
3)

Neem
Jatropha
Pongamia
Diesel

 
Fig. 3: Different blends of biodiesel Vs Density 

3. The flash points of different blends of methyl esters are 
increased with increase in methyl ester percentage as 
shown in Fig.4. It is also observed that the flash points 
of raw and esterified oils are more compared to diesel. 
Thus, it can be used as a fuel without any fire 
accidents.  
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Fig. 4: Blends of Biodiesel Vs Flash Point Temeratures 

4. In Fig. 5 to 7, a slight drop in efficiency was found with 
methyl esters (biodiesel) when compared with diesel. 
This drop in thermal efficiency must be attributed to 
the poor combustion characteristics of methyl esters 
due to high viscosity. It was observed that the brake 
thermal efficiency of B10 and B20 are very close to 
brake thermal efficiency of Diesel.  B20 methyl ester 
had equal efficiency with diesel. Pongamia methyl ester 
(PME) had better brake thermal efficiency than 
compared with the methyl esters of Jatropha and Neem. 
So B20 can be suggested as best blend for    biodiesel 
preparation with Pongamia oil.  
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Fig. 5: Brake Power Vs Brake Thermal Efficiency for B10 Blends 
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Fig. 6: Brake Power Vs Brake Thermal Efficiency for B20 lends 
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Fig. 7: Brake Power Vs Brake Thermal Efficiency for B40 Blends 
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Fig. 8: Brake Power Vs Brake Thermal Efficiency for B100 
Blends 

5. Smoke density was calculated by Opacity test for 
various blends of biodiesel and diesel.  Biodiesel gives 
less smoke density compared to petroleum diesel. 
When percentage of blend of biodiesel increases, 
smoke density decreases as shown in Fig.9 to 11, but 
smoke density increases for B80 and B100 due to 
insufficient combustion. It requires changes in injection 
pressure and combustion chamber design.  Smoke 
density also decreases when load increases. 
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Fig. 9: Brake Power Vs Smoke Density (K) for B10 Blends 
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Fig. 10: Brake Power Vs Smoke Density (K) of B20 Blends 

40

50

60

70

80

90

0.000 0.588 1.776 2.345
Brake Power (KW)

Sm
ok

e 
D

en
si

ty
 (l

um
en

s/
m

) Neem
Jatropha 
Pongamia
Diesel

Fig. 11: Brake Power Vs Smoke Density (K) of B40 Blends 

6. Carbon monoxide was calculated by Emission test for 
various blends of biodiesel and diesel.  Biodiesel gives 
less Carbon monoxide than compared to petroleum 
diesel. When percentage of blend of biodiesel 
increases, Carbon monoxide decreases. But Carbon 
monoxide increases for B60, B80 and B100 due to 
insufficient combustion. It requires changes in injection 
pressure and combustion chamber design.  
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Fig. 12: Brake Power Vs Carbon monoxide for B10 Blends 
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Fig. 13: Brake Power Vs Carbon monoxide for B20 Blends 
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Fig. 14: Brake Power Vs Carbon monoxide for B40 blends 

7. Hydrocarbons were calculated by Emission test for 
various blends of biodiesel and diesel. In Fig. 15 to 17, 
Biodiesel gives fewer Hydrocarbons than compared to 
petroleum diesel. When percentage of blend of 
biodiesel increases Hydrocarbons decreases. But 
Hydrocarbons increase for B60, B80 and B100 due to 
insufficient combustion. It requires changes in injection 
pressure and combustion chamber design. 
Hydrocarbons also increase when load increases. 

300

350

400

450

500

550

0 0.588 1.177 2.345
Brake Power (KW)

H
yd

ro
ca

rb
on

s 
(P

PM
)

Neem
Jatropha
Pongamia 
Diesel

Fig. 15: Brake Power Vs Hydrocarbons for B10 Blends 
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Fig. 16: Brake Power Vs Hydrocarbons for B20 Blends 
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Fig. 17: Brake Power Vs Hydrocarbons for B40 Blends 

5. Conclusions: 

Following are the conclusions based on the 
experimental results obtained while operating single 
cylinder diesel engine fuelled with biodiesel from 
Pongamia, Jatropha and Neem seed oils and their diesel 
blends. 
• Pongamia, Jatropha and Neem based methyl esters 

(biodiesel) can be directly used in diesel engines 
without any engine modifications. 

• Brake thermal efficiency of B10, B20 and B40 blends 
are better than B100 but still inferior to diesel. 

• Properties of different blends of biodiesel are very 
close to the diesel and B20 is giving good results. 

•  It is not advisable to use B100 in CI engines unless its 
properties are comparable with diesel fuel. 

• Smoke, HC, CO emissions at different loads were 
found to be higher for diesel, compared to B10, B20, 
B40 blends.  
Good mixture formation and lower smoke emission are 

the key factors for good CI engine performance. These 
factors are highly influenced by viscosity, density, and 
volatility of the fuel. For bio-diesels, these factors are 
mainly decided by the effectiveness of the 
transesterification process. With properties close to diesel 
fuel, bio-diesel from Jatropha, pongamia pinnata and 
Neem seed oil can provide a useful substitute for diesel 
thereby promoting our economy. 

References 

[1] A.S Ramadhas, S.Jayaraj, C. Muraleedharan , "Use of 
Vegetable Oils as I.C engine Fuels : A Review",  Renewable 
Energy, Vol. 29, 2004, 727-742. 

[2] B.K. Barnwal, M.P. Sharma , "Prospects of biodiesel 
production from vegetable oils India," Renewable and 
Sustainable Energy Reviews, Vol. 9 ,2005, 363-378. 

[3] D. Agarwal, L. Kumar, A.K. Agarwal, "Performance 
Evaluation of a Vegetable oil fuelled CI Engine". Renewable 
Energy, accepted 29th  June 2007. 

[4] R. Sarin, M. Sharma, " Jatropha Palm biodiesel blends: An 
optimum mix for Asia", FUEL, Vol. 86, 2007, 1365-71. 

[5] A. Srivastava ,R. Prasad ,"Triglycerides – based diesel fuels", 
Renewable Energy Reviews, Vol.24, 2004, 111-133. 



 © 2008 Jordan Journal of Mechanical and Industrial Engineering. All rights reserved - Volume 2, Number 2  (ISSN 1995-6665) 122 

[6] M.A. Fangrui,,M.A. Hanna , "Biodiesel production: A 
review", Bio Source Technology, Vol.70, 1999, 1-15. 

[7] Pryde, E.H., “Vegetable oil fuel standards”, ASAE 
International Conference On Plant And Vegetable Oil Fuels, 
1982. 

[8] M.S. Kumar, A.Ramesh A , "An experimental comparison of 
methods to use methanol and Pongamia oil in a compression 
ignition engine", Biomass and Bio Energy, Vol.25 2003, 309-
318. 

[9] F. Karaosmanoplu," Vegetable oil fuels: A review",  Energy 
Sources, Vol. 70,1999, 221-231. 

[10] Guangyi C, Daren Q, A brief discussion on the alternative 
fuel for internal combustion with plants oils, Trans Chin Soc 
Agri Eng., 1987, 90-97. 

[11] M.Senthil Kumar, A.Ramesh, B.Nagalingam , "Experimental 
investigation of Jatropha oil methanol, dual fuel engine",  
SAE journal, 2001. 

[12] A.S.Ramadhas, S.Jayaraj, C.Muralidheeren, "Use of 
vegetable oil as I.C.engine fuels: A review", Renewable 
Energy, Vol. 29,  2003, 727-742. 

[13] A.S.Ramadhas, S.Jayaraj, C.Muralidheeren,"Characterization 
and effect of using rubber seed oil as fuel in C.I.engine" 
Renewable Energy, Vol.30, 2004, 795-803. 

[14] A.K.Agarwal, L.M.Das, "Biodiesel development and 
characterization for use as a fuel in C.I.Engine",  Journal Of 
Engineering, Gas Turbine And Power (ASME), Vol.123, 
2000, 440-447. 

 
 
 
 





 

 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 1500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages false
  /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 1500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages false
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 2.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <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 (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  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 /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


