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Sir,

Literature reports [1, 2] propose that fatty acid methyl

esters (FAME) of linseed and castor oil can be used as

biodiesel. Three comments have been listed below to point

out the pitfalls in using these fatty acid methyl esters as

biodiesel.

1. Experimental work on the effect of temperature on

neat linseed and castor oil fatty acid esters reported a

change of chemical structure and physical properties.

The temperatures employed in these studies were

lower than temperature conditions in a diesel engine.

2. Cetane number violation and insufficient oxidation

stability of linseed oil and castor oil FAME.

3. Rheology of degraded castor oil biodiesel and the

importance of viscosity in atomization.

Reported Reactions of FAME of Linseed

and Castor Oil at High Temperatures

Linseed oil is dominated by linolenic (three double bonds,

47.4%) linoleic (two double bonds, 24.1%) and oleic (one

double bond, 19.0%) fatty acids [3]. Castor oil is pre-

dominantly ricinoleic (89.5%) acid with a hydroxyl group

at the twelfth carbon and a double bond in the 9,10 position

[4]. The study of thermal polymerization of methyl linol-

enate at 270 �C reported the formation of dimers and

trimers with increased time due to the reactive methylene

groups and double bonds at the 9,12,15 position [5]. Castor

oil is known to form high viscous blown castor oil when

heated at 80–130 �C with or without air [6]. In the case of

blown castor oil there is the glycerol backbone’s viscosity.

For methyl ricinoleate, intermolecular polymerization will

take place and there being no glycerol backbone, the vis-

cosity of polymerized methyl ricinoleate will be less than

that of blown castor oil, but it will be appreciably large

enough to lower its performance efficiency as a biodiesel.

The role of viscosity is presented in ‘‘Rheology of

Degraded Castor Oil Biodiesel and the Importance of

Viscosity in Atomization’’ where atomization of liquid fuel

is explained.

Conceicao et al. [7] carried out the degradation of castor

oil biodiesel (350 mL) by heat-treating at 150 and 210 �C,

in a synthetic air atmosphere, in a system as described in

[8]. Thermogravimetry (TGA), differential scanning calo-

rimetry of degraded castor oil indicated a change in ther-

mal profile [7]. Infra red spectroscopy on the degraded

castor oil biodiesel showed a decrease in intensity of free

hydroxyl groups (3,440 cm-1) as the period of degradation

increased [7]. At 210 �C for a 48-h period, the authors [7]

observed the formation of gum, implying that an oxidative

polymerization reaction had gone to completion with

infrared spectroscopy showing an absence of the hydroxyl

group.

In the performing conditions in a diesel engine, where

the temperature is about 900 �C [9], there is a distinct

possibility of polymerization and oxidation for linseed oil

FAME due to the two double bonds between the reactive

methylene groups.

One aspect which has not been reported is the pyrolysis

at the hydroxyl group of castor oil biodiesel at the tem-

perature of diesel engine operation. The best way to
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investigate pyrolysis at the diesel engine temperature is to

perform laboratory engine tests. A rigorous way to confirm

this would be to do wet methods like hydroxyl value, acid

value coupled with spectroscopic methods after treating the

castor oil fatty acid methyl esters in a laboratory engine

test. A drop in the hydroxyl value will indicate dehydra-

tion/pyrolysis and a significant increase in acid value due to

the formation of fatty acids [4].

Cetane Number Violation and Oxidation Stability

of Linseed and Castor Oil FAME

The cetane number (CN) a dimensionless quantity, which

denotes the ignition quality of the diesel fuel and

describes the ignition time delay a fuel experiences on

injection into the combustion chamber. The higher the

cetane number, the shorter the ignition delay time and

the higher the chances of the fuel igniting [10]. There

are two cetane numbers reported for methyl linolenate.

McCormick et al. [11] estimated the CN by ASTM

D613, and have reported a value of 45.9. Knothe [12]

measured the CN by ASTM 6890 and reported a value

of 22.7. ASTM D613 uses a single cetane cylinder

whereas ASTM D6890 uses the Ignition Quality tester

(IQT) which is an automated development of a constant

volume combustion apparatus. The author [12] states that

IQT is established as an ASTM standard D6890 and is

accepted in ASTM biodiesel standard ASTM 6751 as an

alternative to ASTM 613. The standard set in United

States is a minimum of CN 47 by ASTM D6751 and a

CN of 49 by European standards EN 14241. Considering

that ASTM D6890 is more accurate, a CN of 22.7 falls

far below the US and European standards of 47 and 49,

required for biodiesel, implying that methyl linolenate

will have a higher ignition delay time. For castor oil

FAME, the cetane number is 37.38 [12] which does not

meet the minimum EN and ASTM specifications for a

performing as a biodiesel.

The oxidation stability of biodiesel depends on the

presence and number of double bonds [13]. Knothe [13]

quotes Frankel’s [14] relative rates of oxidation as 1 for

oleates, 41 for linoleates and 98 for linolenates. Euro-

pean standards EN 14214 restricts the content of methyl

linolenate to 12% considering its susceptibility to oxi-

dation if methyl linolenate is greater than 12% in a

mixture of fatty acid methyl esters. The FAME of lin-

seed oil have a methyl linolenate content of about

45–47%, which is way over the European standards limit

and will be prone to oxidation. According to Knothe

[12], the oxidation stability of methyl ricinoleate is four

times less than methyl oleate, which would add to oxi-

dative polymerization build up.

Rheology of Degraded Castor Oil Biodiesel

and the Importance of Viscosity in Atomization

It has been shown by the High-Frequency Reciprocating

Rig (HFRR) test that castor oil methyl ester performs very

well as a lubricity enhancer due to the hydroxyl group in

methyl ricinoleate at concentrations of less than 1.0%.[15].

The viscosity measurements of Conceicao et al. [16] using

a Brookfield model viscometer LV-DVII, found that castor

oil had a higher viscosity than type D diesel oil, whereas

the castor oil biodiesel had a lower viscosity than castor oil,

but higher than type D diesel oil. This prompted them to

blend castor oil biodiesel (FAME) with diesel oil. Blends

of castor oil biodiesel to diesel oil were made in 5, 10, 15,

20, and 25% (v/v) of castor oil biodiesel to diesel oil. These

blends on prolonged shear showed an increase in viscosity

and return to its original viscosity once the shear is sus-

pended. There was an increase in viscosity with a volume

concentration increase of castor oil biodiesel in diesel oil.

Rheological studies [16] showed an increase in viscosity

when the degradation of castor oil biodiesel was done over

a period 1, 6, 12, 24, 36, 48 h at 150 �C and at 1,6,12, and

24 h at 210 �C. The viscosity of the 24 h sample run at

210 �C, showed an increase of viscosity by a factor of 6.8,

compared to the 24 h run at 150 �C. There exists a problem

of translating the shear rate from a viscometer to strokes in

a diesel engine for thorough interpretation. Laboratory

diesel engine tests and viscosity measured on both the neat

and stroked fatty acid methyl esters would indicate the

changes in viscosity leading to a correlation between

strokes and viscosity to give insights into the atomization

characteristics of biodiesel and its blends.

Ejim et al. [17] quote Lefebvre [18] in their study on

atomization of biodiesels and their blends in an injector,

that for significant atomization of a fuel, the values of

viscosity, surface tension and density of the fuel should be

well balanced. The function of atomization is to prepare the

less volatile liquid fuels for progressive vaporization in

suspension in turbulent air [19]. Atomization produces

smaller droplets, large surface area and, in effect, easier

progressive vaporization. Ejim et al. [17] studied atom-

ization characteristics of 7 biodiesels and 17 binary and

ternary blends with D1 and D2 diesel engines at 80 �C

using a direct injector. They concluded that the most

effective physical property for atomization was the con-

tribution of viscosity of fuel being investigated. The

appropriate drop size for atomization of fuel is the Sauter

Mean Diameter (SMD) and is defined as the diameter of

the drop whose ratio of volume to surface area is equal to

that of the spray [18]. Ejim et al. [17] used the dimen-

sionless correlation of Elkotb [20] to calculate SMD and

found that a change in viscosity of the fuel has the maxi-

mum change (*90%) on SMD. It is beyond the scope of
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this letter to present the quantitative details of SMD’s

correlation with viscosity, surface tension and density.

Readers interested in this correlation should refer to Elkotb

[20] and Ejim et al. [17] for application of SMD to bio-

diesel and its blends. The increase in viscosity of castor oil

biodiesel/diesel oil blends [16] and oxidative polymeriza-

tion of degraded castor oil biodiesel [7] will have a direct

bearing on atomization as presented by [17].

Discussion

Thermal polymerization of methyl linolenate at 270 �C and

the formation of gum for castor oil biodiesel at 210 �C,

indicates that deleterious effects could be more pronounced

at the diesel engine operating temperature of 900 �C. The

changes in chemical structure due to thermal polymeriza-

tion and oxidation of methyl linolenate, due to the three

double bonds and reactive methylene groups in between

the double bonds would alter the physical properties of

linseed oil fatty acid methyl esters. In both the FAME there

will be changes in viscosity affecting atomization. The use

of methyl ricinoleate as a lubricity additive to diesel oil or a

FAME is a better option than being used as a complete

biodiesel [15].

The cetane number of linseed and castor oil FAME is

not within the prescribed specifications of American and

European biodiesel standards. This would result in ignition

delays.

It would be prudent to study the oleochemistry of fatty

acid methyl esters, by referring to published literature on

neat fatty acid methyl esters with respect to temperature,

pressure and flow properties. A rigorous way would be to

perform laboratory engine tests before claiming that a

single or blend of fatty acid methyl esters could be used as

a complete biodiesel.

Acknowledgments The author wishes to thank the Department of

Chemical Engineering, University of Queensland, Australia for pro-

viding facilities to write these comments.

References

1. Varma N, Madras G (2007) Synthesis of biodiesel from castor oil

and linseed oil in supercritical fluids. Ind Eng Res 46:1–6

2. Demirbas A (2009) Production of biodiesel fuels from linseed oil

using methanol and ethanol in non-catalytic SCF conditions.

Biomass Bioenergy 33(1):113–118

3. Turner J (1987) Linseed law. A handbook for growers and

advisors, 2nd edn. BASF, UK

4. Kudchadkar A (1978) Castor oil cracking products. In: Mcketta

JJ, Cunningham WA (eds) Encyclopaedia of chemical processing

and design. Marcel Dekker, New York, pp 401–420

5. Paschke F, Wheeler DH (1955) Thermal polymerization of

methyl linolenate, alpha- and beta-eleostearates. J Am Oil Chem

Society. 32(9):469–473

6. Kirk Othmer (1979) Encyclopaedia of chemical technology, vol

5. Wiley, New York

7. Conceicao MM, Fernandes VJ, Araujo AS, Farias MF, Santos

IMG, Souza AG (2007) Thermal and oxidative degradation of

castor oil biodiesel. Energy Fuels 21:1522–1527

8. Santos JC, Souza AG, Santos IMG, Sobrinho EV, Fernandes VJ

Jr, Silva AJN (2004) Thermoanalytical and rheological charac-

terization of automotive mineral lubricants after thermal degra-

dation. Fuel 83:2393

9. Bosch R (2004) Diesel engine management, 3rd edn. Professional

Engineering Publishing Ltd, UK

10. Knothe G (2006) Analysing biodiesel: standards and other

methods. J Am Oil Chem Soc 83(10):823–833

11. McCormick RL, Graboski MS, Alleman TL, Herring AM (2001)

Impact of biodiesel source material and chemical structure on

emissions of criteria pollutants from a heavy duty engine. Envi-

ron Sci Technol 35:1742–1747

12. Knothe G (2008) Designer biodiesel: optimizing fatty ester

composition to improve fuel properties. Energy Fuels

22:1358–1364

13. Knothe G (2006) Biodiesel and vegetable oils: then and now.

Intern News Fats Oils Relat Mater (INFORM) 17(11):729–731

14. Frankel EN (2005) Lipid oxidation, 2nd edn. Oily Press an

imprint of PJ Barnes & Associates, England

15. Goodrum JW, Geller DP (2005) Influence of fatty acid methyl

esters from hydroxylated vegetable oils on diesel fuel lubricity.

Bioresour Technol 96:851–855

16. Conceicao MM, Candeia RA, Dantas HJ, Soledade LEB, Fer-

nandez VJ, Souza GA (2005) Rheological behaviour of castor oil

biodiesel. Energy Fuels 19:2185–2188

17. Ejim CE, Fleck BA, Amirfazli A (2005) Analytical study for

atomization of biodiesels and their blends in a typical injector:

surface tension and viscosity effects. Fuel 86:1534–1544

18. Lefebvre H (1989) Atomization and sprays. Hemisphere Pub-

lishing Corporation, New York

19. Joyce JR (1949) The atomization of liquid fuels for combustion.

J Inst Fuel 22(124):150–156

20. Elkotb MM (1982) Fuel atomization for spray modelling. Prog

Energy Combust Sci 8:61–91

J Am Oil Chem Soc (2011) 88:1271–1273 1273

123


	Comments on the Use of Fatty Acid Methyl Esters of Linseed and Castor Oil as Biodiesel
	Reported Reactions of FAME of Linseed and Castor Oil at High Temperatures
	Cetane Number Violation and Oxidation Stability of Linseed and Castor Oil FAME
	Rheology of Degraded Castor Oil Biodiesel and the Importance of Viscosity in Atomization
	Discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments 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
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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 <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
    /DEU <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


