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Introduction

Manufacturing downtime hurts your bottom line — and any downtime
caused by unintentional contamination during materials processing is
especially painful. With regular adherence to impurity standards and
cleanliness specifications it can be significantly reduced.

Contaminants are easily introduced at any stage in the manufacturing
process via extraneous input from the factory environment, tooling

residue, off-specification raw materials, and minor deviations in processing
tolerances. Rapid and effective resolution of any contamination issue relies
heavily on ensuring that deviations from critical specifications are rapidly
identified and the causes traced.
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The low-tolerance, advanced manufacturing of
synthetic polymers relies heavily on an ability to
understand compositional homogeneity on both the
micro and macro-scale. Synthetic rubber polymers can
be particularly problematic with regard to operating
within fine compositional tolerances because they

are commonly compounded with a complex cocktail

of different additives. Whether they are plasticizers,
vulcanizing agents, protective additives, fillers and
materials processing aids — or the unintentional
incorporation of contaminants — all additives introduce
an additional complexity to the manufacturing process
that must be continually and reliably monitored

to ensure that the final product meets the desired
specification. Since substandard or poorly homogenized
synthetic materials can have a huge impact on product
integrity, any capacity to reduce defect incorporation, or
at least conclusively identify their presence early in the
process, will improve manufacturing yield and increase
profit margin.

Here we demonstrate how the Agilent Cary 620 FTIR
microscope and imaging system can identify defects
and monitor compositional variability in a synthetic
polymer. Contamination that was introduced during and
after production, and heterogeneities in the finished
product are all identified. A key advantage of FTIR
chemical imaging that sets it apart as an essential tool
in polymer quality control is that it can quickly and
easily perform qualitative and quantitative analysis of
organic and inorganic materials without any sample
preparation. FTIR chemical imaging also avoids the
surface charging that causes problems for traditional
electron and ion beam technologies.

Agilent technologies FTIR imaging microscopes employ
a unique “Live ATR imaging with enhanced chemical
contrast” feature. Using this, absolutely no sample
preparation is needed: samples can be directly examined
as received by simply placing them on the motorized
microscope sample stage or, if they are particularly
elongated (such as the cross-section of a polymer
laminate or film), held in a micro-vice sample holder
and placed on the sample stage. In all cases, samples
can be moved into position under the micro-ATR using
the combined visible/IR light microscope objective and
analyzed.

Experimental

A large manufacturer of synthetic polymer products
contacted Agilent Technologies for assistance in
determining the source of a range of small objects that
could be frequently observed to contaminate freshly
processed samples (Figure 1). The defects clearly

had highly variable dimensions and morphologies,

and although some appeared intrinsic to the finished
product, others appeared more superficial. Accurately
characterizing the defects therefore presented a
complex analytical challenge.

Analytical approach

Samples were analyzed using an Agilent Cary 620 FTIR
imaging microscope coupled to an Agilent Cary 660
FTIR spectrometer. Comprehensive defect analysis of
these particular samples proved ideal for a multi-faceted
analytical approach and so two types of data were
collected:

Figure 1. Selected visible light images of the sample. Images were collected using the combined 15x visible/IR objective on a Cary 620 FTIR microscope.

Scale bar =200 ym



+  Single point, micro Attenuated Total Reflection
(ATR) spectroscopic analyses using the
250 x 250 um, liquid nitrogen-cooled Mercury
Cadmium Telluride (MCT) detector in the
microscope

* High-resolution micro-ATR chemical images using
a 64 x 64 pixel MCT Focal Plane Array (FPA)
microscope detector

Instrument operating parameters are summarized in
Table 1.

Sample presentation

During this analysis, no sample preparation was
required. Before analysis, the sample was viewed and
positioned using the combined visible/IR objective.
The unique “Live ATR imaging with enhanced chemical
contrast” feature allows for the delicate contact with
direct feedback on the quality of contact before data
collection.

Defect analysis

The Agilent Cary 620 FTIR microscope and imaging
system allowed for a number of different defects

to be identified and characterized. The most easily
distinguished defects on the polymer surface were
roughly spherical, 50-100 pm diameter, white patches

Table 1. Agilent Cary 660 FTIR and 620 FTIR microscope configurations

Parameter Micro-spectroscopic analysis
Spectrometer Cary 660
Microscope Cary 620

Microscope detector 250 x 250 um MCT

(Figure TA). These could be easily seen with the naked
eye and are of obvious concern to a manufacturer
focused on providing a high-quality product. Fortunately,
their dimensions also rendered them easy to locate
under microscope objective and to analyze using single
point FTIR micro-spectroscopy.

For every single point micro-FTIR measurement, the
analytical area is physically masked by a motorized
variable knife-edge aperture blade in the microscope
optics. The detector in the microscope then collects
all of the light that reaches it from the sample and
through the defined aperture blades and an averaged
spectrum is displayed. Spatial resolution of single
point measurements are typically limited to areas

~20 ym and any chemical heterogeneity within the
area defined by the aperture blades is averaged into

a resulting overall spectrum, meaning that any subtle
spatially distinct chemical heterogeneity may not be
detectable. The white spots, however, were larger than
this and excellent spectra were collected (Figure 2).
Total collection time was <60 seconds, after which the
spectrum was automatically matched with those in a
spectral library within the Resolutions Pro software
package and identified as a polyamide — a compound
that was an intrinsic component of the bulk polymer.

Chemical imaging
Cary 660
Cary 620

64 x 64 MCT FPA

Microscope objective 15x Vis/IR

Microscope accessory Micro Ge ATR

Spectral resolution 8cm?

Scans

Spectrum range 4000-900 cm’!

Total area analyzed 20 x 20 ym 70 x 70 ym
Total number of spectra 1 4096
Measurement Area/Pixel Size 20 x 20 ym 1.1x 1.1 pm

Total collection time

<60 seconds



Red, fibrous defects were also relatively common on
the sample surface. Single point microanalyses could
not be used to characterize them because, as noted
above, as the defect was less than 10 ym in diameter
and the fact that the detector collects all of the light
from the apertured sample area. In this case, the poorer
limit of spatial resolution afforded by the technique was
insufficient to yield a spectrum that was not dominated
by the matrix material (Figure 3).

Chemical images of the sample were collected using an
Agilent 64 x 64 FPA detector which is housed alongside
the single point detector in the microscope. Switching
detectors took place with the click of a button, was
entirely software controlled and completed in a couple
of seconds. This ensures high-quality, high-spatial
resolution data can be quickly generated after the
decision to change detector types is made.
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Even though the sample presentation technique
(micro-ATR) and the analytical collection time (<60
seconds) are nearly identical, data collected by the

FPA detector is much more comprehensive than that
obtained using single point analysis (Figure 3). Because
the FPA comprises a two-dimensional array of micro-
detector elements, the detector simultaneously collects
4096 unique full-range spectra from across the entire
analytical region of interest with each measurement.
Each micro-detector provides a unique spectrum of

an approximately ~1x1 pm area of the sample and so
the FPA provides, with one snapshot that takes <60
seconds, information that can be immediately displayed
by the software as a detailed 2D chemical image of

the entire region. The full spectrum recorded by any
one of the micro-detectors can be selected for further
examination and library searching can be performed by
simply clicking at any point on the chemical or visible
image.
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Figure 2. A) Visible image of a white spot on the polymer surface showing the size and location of the analytical region. The image was obtained using the
Vis/IR 15x objective on the Cary 620 FTIR microscope. B) Single point ATR spectra collected from the region shown in (A) and the results of spectral library

search, indicating the particle is a polyamide (Nylon) Scale bar =200 ym



Unlike the spectrum collected using the single point
detector, which was dominated by the bulk polymer,

it was easy to simply click on a “hot” region of the
chemical image (one could just as easily interrogate
the composition of any region of interest by clicking

on the visible image) and extract a spectrum that

was characteristic of the defect. By quickly and easily
matching it with spectra in a library, the red spot was
rapidly identified as a type of cellulose, indicating that it
is likely to be a cotton fiber from the local environment.

High-sensitivity, high spatial resolution chemical images
that are easily obtained using the Agilent Cary 620 FTIR
microscope and imaging system — and with minimal
sample preparation — provide an excellent measure of
polymer compatibilities and the success of materials
processing.

Additionally, chemical images of the bulk polymer
showed that it was extremely heterogeneous on the
microscale (Figure 4). With a single chemical image
collected in <60 seconds with the Ge micro-ATR slide-
on accessory coupled to the Agilent Cary 620 FTIR
microscope and imaging system, the presence of four
distinct chemical components such as polyethylene
(PE), nylon, carbonate and the natural rubber matrix,
isoprene, were identified (Figure 4). This detailed
information is not accessible using any other analytical
technique (let alone a non-destructive technique that
can enable a novice user to characterize the samples
with minimal sample preparation) and was of huge
significance to the customer who had ample information
with which to reassess the production process.
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Figure 3. Visible light (A) and chemical images at 3327cm™ (B) of the red fiber defect. Figure 3A also shows the relative dimensions of a single point micro-ATR
measurement (blue square) and a micro-ATR chemical image (red square). The single point measurement provided an averaged spectrum for the whole area
analysed (40x40 pm) and so does not accurately nor uniquely record the composition of the red fiber. Conversely, although the FPA-micro ATR measurement
covers a similar analytical region, Agilent’s 64x64 FPA detector simultaneously records and displays 4096 discrete spectra collected at 1.1 pm intervals across
the entire analytical region of interest. A spectrum of the defect was then simply extracted from the chemical image (that was collected and displayed in ~60 s.
This is the same as a measurement made using the single point detector or a traditional benchtop spectrometer. By clicking on a “hot” region on the image the
defect was easily identified as a type of cellulose, most likely a cotton fiber.
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Figure 4. Visible light (A) and chemical images showing the heterogeneous spatial distribution of defects identified from spectral library searches as, B)

Polyethylene (PE), C) Nylon, D) Carbonate and E) Isoprene (rubber)
Conclusions

Polymer analysis using the Ge slide-on micro-ATR
accessory in single point and chemical imaging (FPA)
modes identified numerous discrete defects and
compositional domains, quickly and without any sample
preparation or sample damage. Micro-ATR chemical
imaging is a key analytical method with which to
characterize sub 10 pym diameter particles. The non-
destructive nature of the technique, coupled with the
intrinsic analytical accuracy of the Agilent Cary 620 FTIR
microscope and imaging system and Agilent’s unique
ability to obtain uncompromized characterization data

with minimal sample pressure, ensure that with minimal
operator training the Agilent Cary 620 FTIR microscope
and imaging system is quickly finding a home in
production lines to help rapidly:

«  Characterize raw materials and assess their purity

* Understand how manufacturing variation influences
product stability

*  Ensure post-production material homogeneity

» Troubleshoot contamination at any stage of the
manufacturing process.

www.agilent.com

Agilent shall not be liable for errors contained herein or for incidental or consequential
damages in connection with the furnishing, performance or use of this material.

Information, descriptions, and specifications in this publication are subject to change
without notice.

© Agilent Technologies, Inc. 2014

Published October 1, 2014
Publication number: 5991-5224EN

) Agilent Technologies




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (Adobe RGB \0501998\051)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.3
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /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 false
  /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 false
  /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 0
  >>
  /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 <>
    /DEU <>
    /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.)
  >>
  /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 [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


