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Summary
The DIN EN 14214 biodiesel standard stipulates a non-aqueous potentiometric 
acid-base titration for determining the acid number and a redox titration with 
sodium thiosulfate solution for the determination of the iodine number. While in 
the first case the equivalence point is detected by the Solvotrode, the iodine 
number is determined using a Pt Titrode. Both methods are very user-friendly and 
characterized by high accuracy and precision. With an acid number of 
0.202 mg/g and a iodine number of 114.4 g I2/100 g, the investigated biodiesel
sample complies with the limits of 0.5 mg/g and 120 g I2/100g stipulated in DIN 
EN 14214.

According to ASTM D 4806, potentiometric titration of total sulfate in bioethanol
with lead nitrate can be performed using a Pb-selective working electrode and a 
double-junction Ag/AgCl or a glassy-carbon-rod reference electrode. Although 
both reference electrodes show comparable recovery rates, the latter needs lower 
maintenance. For both electrodes the ideal operating range is between 1 and 20 
ppm sulfate. Corresponding recovery rates are 98…109%. Increasing the sulfate 
standard and the perchloric acid content in commercial bioethanol blends (E85) 
allows to monitor sulfate contents in the sub-ppm range.    

Introduction
The interest in biofuels obtained from renewable vegetable sources has greatly 
increased in recent years. The reasons are the increasing demand for mineral oil as 
well as the environmental problems linked with burning fossil fuels. In order to 
avoid disturbances in the injection system and in the engine itself, vehicle and 
biofuel manufacturers have developed quality standards that define testing 
methods and specifications for biofuels. While there are two major biodiesel
standards, the European EN 14214 and the American ASTM D 6751, there 
currently exists only one major bioethanol standard, the ASTM D 4806. Its 
European equivalent, the EN 15376, is currently under development. 

The determination of the water content of biogenic engine fuels is beyond the 
scope of this work and is presented under http://products.metrohm.com (search 
for 8.000.6030EN).

Acid number in biodiesel according to EN 14104

The acid number is a sum parameter comprising all acidic components; it serves as 
a measure for the long-term stability and corrosiveness of the biofuel. The smaller 
the value, the higher the quality. Standard EN 14104 in DIN EN 14214 stipulates a 
non-aqueous potentiometric acid-base titration for determining the acid number. 

Iodine number in biodiesel according to EN 14111

The iodine number is a measure for the number of double bonds in a sample. It 
specifies the amount of iodine in g that are consumed by 100 g of the biodiesel 
sample under the given conditions. The determination of the iodine number by 
redox titration with a solution of sodium thiosulfate is described by the European 
standard EN 14111.

Sulfate content in bioethanol according to ASTM D 7318

Potentiometric titration with lead nitrate is a proven method for sulfate 
determination, a Pb ISE serving as the indicator electrode. The latter detects the 
first excess of lead ions at the equivalence point. 

Acid number in biodiesel (EN 14104)
Between 14 and 15 g of the biodiesel sample are dissolved in 50 mL of a 
bioethanol/diethyl ether mixture (1:1). The titrant is an alcoholic solution 
of potassium hydroxide (0.1 mol/L). After each titration the Solvotrode is 
thoroughly rinsed with isopropyl alcohol. The regeneration of the membrane is 
achieved by immersing the electrode in water for at least three minutes. 

The acid number determined in the biodiesel sample, in terms of mg KOH per g 
biodiesel, is 0.202 mg/g. This value complies with the requirements of ASTM D 
6751 and EN 14214, which both stipulate a maximal acid number of
0.50 mg/g.

Iodine number in biodiesel (EN 14111)
For the titer determination 50 mg potassium iodate, oven-dried overnight, is 
dissolved in 80 mL distilled water. After the addition of approximately 1 g of 
potassium iodide and 10 mL of sulfuric acid, the released elemental iodine is 
titrated with 0.1 mol/L sodium thiosulfate solution. Potentiometric endpoint 
detection occurs with a Pt Titrode.  

0.15 g of the biodiesel sample is dissolved in 20 mL glacial acetic acid and treated 
with 25 mL Wijs reagent. After 5 minutes, 15 mL potassium iodide is added. The 
released elemental iodine is then titrated with 0.1 mol/L sodium thiosulfate
solution up to the first end point. 

The investigated biodiesel sample has a iodine value of 114.4 and thus meets the 
requirements of EN 14111, which allows a maximal value of 120 g iodine per 
100 g sample. 

Sulfate content in bioethanol (ASTM D 7318)
ASTM D 7318 in ASTM D 4806 prescribes a potentiometric titration procedure for 
the determination of sulfate. 

100 g of the bioethanol sample is spiked with known amounts of a sulfate 
standard. After the addition of 1 mL of 0.1 mol/L perchloric acid the sulfate is 
precipitated with a lead nitrate solution. The Pb-selective electrode detects the first 
excess of lead ions at the equivalence point. A double-junction Ag/AgCl or a 
glassy-carbon-rod electrode are used as the reference electrode.

While sulfate concentrations between 5 and 10 ppm result in recovery rates of 
100.7...105.6%, sulfate contents of 1 and 20 ppm provide recovery rates of 
98.0...106.5% and 108.3...108.9%, respectively. 

Sulfate content of an E85 bioethanol sample

The low sulfate content in commercial bioethanol fuel blends results in a marginal 
consumption of lead nitrate, thus impairing the standard deviation. Moreover, a 
possible lead carbonate formation and weighing errors from evaporation losses 
falsify the results. In the following, we evaluate the influence of increased sulfate 
standard and perchloric acid addition on the method precision.  

The precision of the determinations is significantly improved by dublicating the 
content of perchloric acid and sulfate standard. 

The observed sulfate concentration of 2.087 ppm is below the limit of 4 pm 
stipulated by ASTM D 4806.

 Titer Acid number 

Number of determinations n 3 9 

Mean value 0.987 0.202 mg/g 

Standard deviation 0.003 0.002 mg/g 

Relative standard deviation 0.34% 0.94% 

Determinations n Titer 

1 1.0155 

2 1.0188 

3 1.0210 

Mean value 1.0184 

Standard deviation 0.0027 

Relative standard deviation  0.27% 

 
Blank 

 
Biodiesel 

 

Number of determinations n 3 7 

Mean value thiosulfate consumption [mL] 47.71 33.79 

Iodine number [g iodine/100 g sample] — 114.40 

Standard deviation — 0.50 

Relative standard deviation [%] — 0.44 

Conc. Double-Junction Ag/AgCl Reference Electrode Glassy-Carbon-Rod Electrode 
 

[ppm] 
Sulfate conc.a 

[ppm] 

RSDb 
[%] 

nc 
 

Recovery rate 
[%] 

Sulfate conc.a 

[ppm] 

RSDb 
[%] 

nc 
 

Recovery rate 
[%] 

0.998 0.978 0.81 3 98.0 1.063 1.46 3 106.5 

4.989 5.229 0.41 4 104.8 5.268 0.23 3 105.6 

9.978 10.047 0.52 4 100.7 10.063 0.24 3 100.9 

19.965 21.627 1.08 5 108.3 21.735 0.75 4 108.9 
  asulfate concentrations determined by potentiometric titration, brelative standard deviation, cnumber of determinations 

Bioethanol sample E 85 na 
Concentration  

[mg sulfate/kg sample] 
RSDb 
[%] 

+ 0.2 mL sulfate standard (blank) 

+ 1.0 mL perchloric acid (0.1 mol/L) 
3 0.348 4.81 

+ 0.4 mL sulfate standard (blank) 

+ 2.0 mL perchloric acid (0.1 mol/L) 
3 2.087 0.27 

    anumber of titrimetric analyses, brelative standard deviation 

Download a copy of this poster from http://products.metrohm.com (search for 8.000.6020EN). 



<<
  /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 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 10.00000
  /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 true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 10.00000
  /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 true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 10.00000
  /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 <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /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.)
    /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 [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


