Application Note 1

Using Dynamic Image Analysis
to Measure Fiber Particles

Analysis of fiber particles requires numerous
measurement parameters to fully qualify their
true shape.

Introduction

Automated image analysis has been developed
to provide users with a more accurate measure-
ment of their particles. For many years, particle
size analyzers have rendered results with the
assumption that all measured particles are
spherical. However, in many applications, the
circularity of particles can affect both per-
formance and flowability in manufacturing. In
some cases, for example, measuring surface
smoothness can impact how well abrasives
perform.

Those in industry who have realized that the
irregularity of their particles impact both
manufacturability and efficacy have resorted to
microscopy for shape analysis. Manual micros-
copy, by its very nature, is a slow and tedious
method for particle analysis and becomes
impractical to analyze a large number of par-
ticles. Therefore, the end-user potentially is left
with a poor representation of the sample. This
makes microscopy acceptable for obtaining a
general idea of particle shape, but is unaccept-
able when using particle shape analysis as a
means to control a process.

One raw material which lends itself to be idealy
measured by shape analysis is fibers. Fiber
particles are used in a vast array of applications
from adding strength to building materials to
making effective filtration media.

In all cases where raw fibers are used, there has
been an expressed need to know the fiber length,
width, and aspect ratio, as well as the curl of the
fiber. Particle analysis results expressed in
equivalent spherical diameter do not come close
to giving the user critical information about their
fibers, and how they will perform in their final
state. Measuring such particles with manual
microscopy is also impractical in a quality con-
trol environment where fast and representative
analysis is required.

Figure 1 shows a typical fiber in the sample
analyzed using the Particle Insight Dynamic
Image Analyzer from Particulate Systems.

Figure 1. Fiber sample used for analysis.

Analysis of this fiber sample with a conventional
particle size analyzer assumes all particles are
spheres, and reports minimal information; in this
instance, a size of 112.1 um.
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Analysis of the same fiber sample using the
Particle Insight Image analyzer, a proper-shape
analyzer with fiber-shape measures, can yield
much more information on a high population of
particles in just minutes.

The measurement of fiber length and width is
calculated along with the aspect ratio, which is
simply the length divided by the width. Another
measurment that can be calculated is the fiber
curl, a fractional measure that is equal to 1 for a
straight fiber. The smaller the fiber curl value,
the greater degree of curvature the fiber has.
This can be very useful in making determi-
nations of how fibers will interact with each
other in a production process. These
measurements are summarized below:

Fiber Length: 449.9 um
Fiber Width: 22.7 um
Fiber Aspect Ratio: 19.82
Fiber Curl: 0.984

Figures 2 through 5 provide additional data
statistics as indicated in the figure captions.
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Figure 2. Indicates the width of these fibers were
rather uniform in nature. A total of 10,000 particles
was analyzed in 149 seconds.

Figure 3. Shows the average length of the fibers to
have a mean of 123 um with a standard deviation of
74.8 um.
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Figure 4. Although the width of the fibers is well
controlled, the length is not. As a result, the aspect
ratio results are broad. Here the aspect ratio shows
a mean of 4.450 with a stadard deviation of 2.262.
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Figure 5. The mean fiber curl is 0.97 with a mode
fiber curl of 0.99. This clearly indicates that the
population of fibers is mostly non-curled.

Conclusion

It is important to select a particle size analyzer
that can properly analyze the parameters that are
important. As can be seen, measuring a fiber
with the assumption that they are spherical in
shape may not be the most accurate method for
quantification. Size, in this case, was not enough
to give the user a true and accurate measure of
the fibers. In the case of the fiber samples in this
application, it was much more revealing to use
the four fiber-specific measures to gain a better
understanding of the particles and, possibly, in
their manufacturing process. It is also very prac-
tical to use one or more of these fiber-specific
measures as a quality control specification given
that the analysis is accurate, fast, and can meas-
ure thousands of particles in seconds.

March 2010




<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


