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Abstract 
 
 
In recent years, the iodide/iodate reaction scheme based on parallel competitive reactions 
has been used for various single-phase micromixing studies (see, for example [1]). A 
small amount of work has also been done on solid-liquid stirred systems [2, 3] at 
relatively low particle concentrations. However, there are conflicting reports in the 
literature regarding turbulence damping or enhancement due to the presence of low 
concentrations of particles [4], so more work would still be of interest to aid clarification. 
In addition, work at higher concentration, as often encountered in industrial practice, is 
required. Furthermore, though micromixing in gassed stirred vessels as a function of 
impeller speed has occasionally been studied before, its use at constant power input but 
different gas flow rates has not been reported.  Therefore, here, micromixing in single- 
and two-phase (s-l and g-l) stirred systems using the iodide/iodate reaction scheme is 
reported. 
 
Experiments were conducted in a fully baffled vessel, diameter, T = 0.288 m, liquid 
height H = 1.3T, equipped with a standard Rushton turbine (D = T/3). The impeller 
speeds used gave realistic mean specific energy dissipation rates, Tε , from 0.2 to 
1.2 W/kg.  Two feed positions were chosen: one near the impeller and one near the free 
surface.  Air and nominally 500 µm glass Ballotini were used for the gaseous and solid 
phases, respectively.  The reactant concentrations and experimental procedure followed 
those in related previous single phase work [1] to allow easy comparison with 0.5 and 
1 M H2SO4; and also, based on it [1], the feed rates ensured that the reactions were being 
conducted in the micromixing regime.  
 
Two sets of preliminary tests were carried out. Firstly, single-phase micromixing 
experiments were conducted which gave reasonable agreement with earlier work at the 
same reactant concentrations [1]. Secondly, at these reactant concentrations, neither the 
presence of glass particles up to relatively high concentrations or of air had any 
detrimental effect on the method, i.e. during the time for which experiments are 
undertaken, iodine was neither adsorbed on the particles or stripped by the air. The main 
work to date has concentrated on feeding close to the impeller where the local specific 
energy dissipation rate, Tε , is high, i.e., 1/ >>TT εε , so that micromixing effectiveness is 
high [1]. In this region, at different gassing rates up to ~1.5 vvm, the impact on 
micromixing is negligible when Tε  is kept constant.  Similarly, in the presence of the 
Ballotini at low concentrations up to about 1% by vol., the impact was again negligible. 
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The latter result is particularly interesting since many studies using laser-based flow 
measuring techniques (PIV or LDA) to measure Tε  have often indicated a surprisingly 
large drop, even at such low concentrations [4].  
 
Now that the technique has been fully established, many additional experiments can be 
conducted, initially, feeding to the upper region of the vessel where 1/ <TT εε  but where 
it is much easier to do, will also be investigated. A similar range of gassing rates and low 
solids concentration with sizes from ~250 to 1000 µm, since there is some evidence the 
local specific energy dissipation rate is a function of particle size [3, 4], will be used. For 
the s-l case, concentrations up to ~20 % by weight, at which ‘cloud formation’ appears, 
will also be used, with addition both in and above the cloud [5]. Such studies have not 
been conducted previously. The work presented at the NAMF meeting will also cover 
other new topics. (568 words) 
  
 
Keywords: micromixing, iodide/iodate method, stirred vessel, feed position, gassed, 
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References 
 
1. Assirelli, M., et al., Study Of Micromixing in a Stirred Tank Using a Rushton 

Turbine: Comparison of Feed Positions and Other Mixing Devices. Chemical 
Engineering Research and Design, 2002. 80(8): p. 855-863. 

2. Guichardon, P., et al., Study of micromixing in a liquid-solid suspension in a 
stirred reactor. Industrial Mixing Fundamentals With Applications, 1995: p. 123. 

3. Unadkat, H., C. Rielly, and Z. Nagy, Application of Fluorescent PIV and digital 
image analysis to measure turbulence properties of solid-liquid stirred 
suspensions, in 13th European Conference on Mixing. 2009: King’s College, 
London. 

4. Unadkat, H., et al., Application of fluorescent PIV and digital image analysis to 
measure turbulence properties of solid–liquid stirred suspensions. Chemical 
Engineering Research and Design, 2009. 87(4): p. 573-586. 

5. Bujalski, W., et al., Suspension and Liquid Homogenization in High Solids 
Concentration Stirred Chemical Reactors. Chemical Engineering Research and 
Design, 1999. 77(3): p. 241-247. 

 
 
 
 
Contact Author’s Information: 
 
Name: Julia Hofinger 
Address: The University of Birmingham, Birmingham B15 2TT, United Kingdom 
Phone number: +44(0)1214145082 
e-mail address: jxh842@bham.ac.uk 



Mixing XXII  North American Mixing Forum 
June 20 – 25, 2010 
Victoria, BC CANADA 

Abstract Submission - 3/3 - Mixing XXII 

 
Presenting Author’s Information: 
 
As above:    Yes 
or 
Name: 
Address: 
Phone number: 
e-mail address: 
 
 
 
Please specify whether you wish to be considered for an oral ⊗ or poster � presentation.  
 
Do you anticipate submitting a full paper to the special Mixing issue of the Canadian 
Journal of Chemical Engineering?      Yes   Maybe    No 
 
 
 
 
 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 false
  /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 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /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 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /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 1200
  /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 ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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 <>
    /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.)
  >>
  /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 /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


