£ Metrohm

Introduction

Hydroxyl is an important functional group and knowledge of its content is
required in many intermediate and end-use products such as polyols, resins,
lacquer raw materials and fats (petroleum industry). The test method to be
described determines primary and secondary hydroxyl groups. The hydroxyl
number is defined as the mg of KOH equivalent to the hydroxyl content of 1 g of
sample.

The most frequently described method for determining the hydroxyl number is the
conversion with acetic anhydride in pyridine with subsequent titration of the acetic
acid released:

H;C-CO-0-CO-CH; + R-OH — R-O-CO-CHj; + CH;COOH
However, this method suffers from the following drawbacks:
» The sample must be boiled under reflux for 1 h (long reaction time and
laborious, expensive sample handling)
» The method cannot be automated
» Small hydroxyl numbers cannot be determined exactly
» Pyridine has to be used, which is both toxic and foul-smelling

Both standards, ASTM E 1899-08 and DIN 53240-2, offer alternative methods that
do not require manual sample preparation and therefore can be fully automated:

» The method suggested in ASTM E 1899-08 is based on the reaction of the
hydroxyl groups attached to primary and secondary carbon atoms with excess
toluene-4-sulfonyl-isocyanate (TSI) to form an acidic carbamate. The latter can
then be titrated in a non-aqueous medium with the strong base tetrabutyl-
ammonium hydroxide (TBAOH).

» The method suggested in DIN 53240-2 is based on the catalyzed acetylation
of the hydroxyl group. After hydrolysis of the intermediate, the remaining
acetic acid is titrated in a non-aqueous medium with alcoholic KOH solution.

The present work demonstrates and discusses an easy way to determine the
hydroxyl number according to ASTM E 1899-08 or DIN 53240-2 with a fully
automated titrimetric system for a great variety of industrial oil samples.
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Analytical procedure

The appropriate amount of sample (defined by ASTM and DIN) is weighed
accurately into a titration beaker that is equipped with a stirring bar and lid. The
beaker is placed on the rack of the system and the following steps are carried out
fully automatically:

ASTM E 1899-08 DIN 53240-2

‘ Add 10 mL acetonitrile Add 30 mL catalyst and

1 10 mL acetylation mixture

. 2

‘ Stir under cover for 15 min

4

Add 3 mL distilled water

4

‘ Stir under cover for 12 min

4

Dynamic equivalence point
titration (DET U) with
¢(KOH) = 0.5 mol/L
in methanol

‘ Stir under cover for 30 s ‘

Add 10 mL TSI \

‘ Stir under cover for 5 min ‘

‘ Add 0.5 mL ultrapure water ‘

‘ Stir under cover for 60 s ‘

Add 40 mL acetonitrile

4

Dynamic equivalence point
titration (DET U) with
c¢(TBAOH) = 0.1 mol/L in
isopropanol/methanol

After the titration, the electrode and the cell equipment are automatically rinsed;
subsequently, the electrode is conditioned in ethanol and distilled water.

Calculation

_ (EP2 - EP1)x Conc. x 56.106 x Titer
- Sample size

_ (Blank — EP1) x Conc. x 56.106 x Titer

HN,, .
Sample size

HN,, +TAN

HN: Hydroxyl number in mg KOH per g sample 56.106: Molecular weight of KOH in g/mol
EP1:  Titrant consumption up to the first endpoint in mL Titer: Titer of the titrant used (dimensionless)
EP2:  Titrant consumption up to the second endpoint in mL Sample size: Sample size in g

Blank’: Blank value of solvent and reagents TAN: Previously determined total acid

Conc.:  Concentration of the titrant used number (TAN) in mg KOH per g sample

“The blank value po

" the calculation and

40 mL. 1t has to be verlfied daily

Results
ASTM E 1899-08

Oxooll 13

DIN 53240-2

Oxo0ll 9N

100

o

100

EP2=8.1216 mL 200 EP1 =36.4420 mL

Voltage [mV]
Voltage [mV]

300

oo b

20 a0 60 80 150 200 250 300 350
TBAOH [mL] Alcoholic KOH [mL]

Oxooil 13

Sample size [g] 0322 0296 0.296 0.308|Mean’ RSD
HN,ory [mg KOH/g] | 128 132 134 127 |130.0 2.54%

~expected value: 120...130 mg KOFIG

Oxoo0il 9N"
1306 1.226 1.111|Mean’ RSD
102 104 103 | 103 0.97%

sample size [g]
HN,,, [mg KOH/g]

“oxpected value: 100 mg KOG

100

Lupranol” 2090 Lupranol® VP 9346

o

EP1=0.4828mL  EP2=7.4917 m|
EP1=327218 mL

Voltage [mV]

Voltage (mV]

-a00
a0 60 80 150 200 250 300 350
TBAOH [mL] Alcoholic KOH [mL]

Lupranol® VP 9346"
Sample size [g] 0.535 0.538 0.430|Mean’ RSD
HN,y [mg KOH/g] | 446 448 451 | 448 0.56%

Texpected value: 400,450 mg KOFG; fegistered rade mark of BASF group in many
countries

Lupranol® 2090
Sample size [g] 1.274 1.332 1.253 1.303|Mean" RSD

HNpsry [mg KOH/g] | 298 299 299 297 | 29.6 1.39%
expeactad value, 30 g KOG, eg5tered 08 Mark of BAGF group 1y Counties

Comparison of the different techniques

ASTM E 1899-08 | DIN 53240-2

n Reaction at room temperature Reaction at room temperature

n Covered reaction in an automated run Covered reaction in an automated run
[ 5rmall hydroxyl numbers are easy to determine Small hydroxyl numbers are easy to determine
n No more heating or boiling under reflux No more heating or boiling under reflux

i Easy procedure — only one single titration

No blank titration necessary Very good standard deviation and recovery

n Short reaction time

Conclusion

The presented titration system can be used for the fully automated determination
of the hydroxyl number (HN) according to ASTM or DIN. The method allows, for
example, the determination of polyols and oxooils without boiling under reflux or
other sample preparation and is therefore a big benefit for laboratories that have
to analyze a great number of these samples per day.

References
(1) ASTM E 1899-08, Standard test method for hydroxyl groups using reaction with p-toluene-
sulfonylisocyanate (TSI) and potentiometric titration with tetrabutylammonium hydroxide.
(2) DIN 53240-2, Determination of hydroxyl value — Part 2: method with catalyst.

Acknowledgements

The authors thank BASF SE, Ludwigshafen, Germany, for providing the Oxooil and Lupranol®
samples.

Metrohm AG, CH-9101 Herisau/Switzerland, rh@metrohm.com, phone +41 71 353 86 48

Titration





<<
  /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


