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Abstract 

Adhesive manufacturers depend on purchased adhesives, polymers, resins, films and organic 
additives. What is the best method for understanding variations in the quality of purchased and 
finished products? Common analytical methods used in an adhesive laboratory, such as DMA, 
GPC, TGA and FT-IR, can provide general information about raw materials or finished products, 
but they are often unable to detect subtle batch-to-batch chemical variation.  By using pyrolysis 
coupled with GC/MS, even minor differences can become apparent.  Pyrolysis-GC/MS is an 
important tool used in the quality control of incoming raw materials, the evaluation of raw 
material substitutions and in troubleshooting finished products. 
 

Introduction 

A stable, uniform raw material stream is critical for insuring a uniform end product.  This is true 
for both the manufacturers of the basic starting blocks of pressure sensitive adhesives such as 
resins, polymers, films and papers, and for the finished adhesives and tapes themselves. After all, 
ensuring batch-to-batch consistency is what quality control is all about. 

Inconsistency can occur for a number of reasons. For example: 
 
If you are a vendor of raw materials for pressure sensitive adhesives you may discover: 
 

1. Variations in your natural raw material supply: 
a. Different forest = different trees =  different quality of resin or paper 
b. Different section or location of a mine equals different quality of filler 

2. Variations in your  industrial feed stocks 
a. Shortage of raw material feedstock (C5s for example) 
b. You’ve changed your own raw material supplier in order to obtain a less 

expensive or more readily-available feedstock 
 
If you are a manufacturer of finished pressure sensitive adhesives or tapes you may find: 
 

1. Your vendor has stopped making a preferred raw material 
2. Your preferred raw material has been banned 
3. You think you’ve found a less expensive source for a raw material 
4. You can’t get a raw material due to a shift in supply and demand 
5. Your QC department has detected a strange change in the quality of an adhesive, film or 

paper backing and you suspect something in your raw material supply has changed. 
  



 

 

Testing Your Raw Material Supply 

 

There are many useful analytical techniques for monitoring a raw material supplies.  One of the 
most common is Fourier Transform InfraRed Spectroscopy (FT-IR). FT-IR is a method of 
obtaining infrared spectra by first collecting an interferogram of a sample, and then performing a 
Fourier Transform (FT) algorithm on the interferogram to obtain the spectrum. This infrared 
spectrum is a “fingerprint” of the sample that can be used for comparison purposes.  FT-IR 
systems are fast, non-destructive and easy to operate.  They are not without shortcomings, 
however.  It can be difficult to detect subtle differences between samples and identify additives 
when the levels in the sample are less than 5%.  A good quality search library of commercial raw 
materials and formulations is critical and takes time to develop. 

Pyrolysis–Gas Chromatography/Mass Spectrometry (GC/MS) is a method of chemical 
analysis in which the sample is thermally decomposed in an inert atmosphere to produce smaller 
gas molecules that can be separated by gas chromatography and detected using mass 
spectrometry. At a given pyrolysis temperature, the input of thermal energy will cause chemical 
bonds to break in a reproducible manner that depends on the structure of the molecule.  The gas 
chromatograms/pyrograms from the pyrolysis of polymers and resin are also chemical 
“fingerprints” that can be used for quality control purposes. Mass spectrometry can then be used 
to identify the individual peaks in the chromatogram.  This is particularly useful when dealing 
with pressure sensitive adhesives that are mixtures of polymers or resins, unknown contaminants 
and trace level additives [1]. 

 
In this paper a number of examples will be used to compare pyrolysis-GC/MS analysis to FT-IR 
as a way to understand variations in the quality of raw materials and finished products. 
 
The following examples are a cross-section of the type of raw material analyses that occur daily 
in a production or R&D laboratory.  
 
The analytical instruments used were: 
 
FT-IR:  
 
All samples were analyzed in absorbance mode on a ThermoNicolet Nexus 670 FT-IR equipped 
with a Golden Gate™ Diamond ATR. 
 
Pyrolysis-GC/MS: 
 
All samples were pyrolyzed at 750°C using a CDS Pyroprobe 5000 Series equipped with a 5250-
T Autosampler.  The pyrolysis gases were analyzed on an Agilent 7890/5975C GC/MS using a 
5% phenyl capillary column.  
  



 

 

Example 1 
 
Problem: The supply of a raw material has become constrained. 
 
Two polyterpene resins were submitted for analysis when the supply of the preferred resin 
became constrained.  A different supplier recommended their polyterpene resin as a substitute. 
Can the new resin be used as a ‘drop-in’ replacement for the old resin? 
 
FT-IR Analysis 
 
The FT-IR spectra of the two resins were very similar.  The substitute resin is an excellent 
spectral match to the control resin when searched against it in the FT-IR spectral library (98.6% 
match). 
 

 
 

Figure 1: FT-IR Comparison of Two Polyterpene Resins 
  



 

 

Pyrolysis-GC/MS Analysis 
 
When the resins were examined using pyrolysis-GC/MS, a significant difference was detected.  
The main pyrolysis fragment (pyrosate) of the polyterpene resin was the same in both samples: 
β-phellandrene. But the substitute resin contained a number of fragments from the pyrolysis of 
high molecular weight naphthenic compounds.   While these compounds may not necessarily 
affect the behavior of the resin, the presence of naphthalenes can have other environmental 
consequences.  
 

 
 

Figure 2: Pyrolysis-GC/MS Comparison of Two Polyterpene Resins  

 

  



 

 

Example 2 
 
Problem: You’re looking for a less expensive supply for rosin esters. 
 
With the constant pressure to lower costs, a large amount of analytical resources can be devoted 
to screening lower-cost raw materials.  Rosin esters are commonly used tackifying resins in 
pressure sensitive adhesives.  Three types of rosin are used to manufacture resins: gum rosin 
(from pine gum), wood rosin (from pine stumps) and tall oil rosin (from the crude tall oil left 
over from the Kraft pulping process).   Rosin esters are produced from a blend of many types of 
rosin acids, including abeitic and pimaric acids.  They can also be stabilized using 
disproportionation and hydrogenation to remove unstable double-bonds. [2, 3] 
 
FT-IR Analysis 
 
In the example below, two rosin ester samples were compared to a control standard.  By 
examining the three different spectra, some subtle differences can be noted between the samples, 
but nothing that would clearly distinguish one from the other. 
 
 

 
 
Figure 3: FTIR Comparison of Three Rosin Esters 
 
Pyrolysis-GC/MS Analysis 
 
Unlike the FT-IR spectral analysis, the pyrolysis-GC/MS analysis of the samples shows three 
distinct rosin ester chromatograms.  The diterpenes in Substitute Resin #1 may indicate a mixture 
of gum and wood rosins, since terpenes and wood rosin can both be obtained from stump 
extraction.  The rosin acids in Substitute Resin #2 are different from the abeitic acid seen in the 
first two samples and could indicate the blending of a crude tall oil.    



 

 

 

 

 
 

Figure 4: Pyrolysis-GC/MS Comparison of Three Rosin Esters 
 



 

 

Example 3 
 
Problem: The QC department detects a change in your backing. Has the paper or saturant 
changed? 
 
A. Measuring variation in paper 
 
The variation in paper used as backing for tapes, or in the construction of paper products 
designed to be sealed by PSAs, can be a critical factor in the success or failure of a product. 
What is the source of the wood? Are the trees grown in cold or tropical conditions?  What is the 
species of wood? Does the paper contain any recycled material?  
 
FT-IR Analysis  
 
Unfortunately, the FT-IR spectra of untreated paper samples only tend to show that they contain 
cellulose – a not very helpful result.  In the image below, two very different samples of paper 
have nearly identical FT-IR spectra.  
 
 

 
 

Figure 5: FT-IR Comparison of Two Paper Samples (Cellulose) 
 
 

Pyrolysis-GC/MS Analysis 
 
The lignin content of paper from different species of wood has been extensively studied [4-10].  
In recent years, the amount of fibers from Asian woods like eucalyptus has begun to creep into 
the domestic paper supply, displacing paper made from native pine trees. Lignin is a complex 
organic compound that binds to cellulose fibers and hardens and strengthens the cell walls of 
plants. It is the chief non-carbohydrate constituent of wood. 



 

 

In the chromatograms below, major differences between two identical appearing papers can be 
seen.  One of the papers is very low in lignin content, while the other is much higher in lignin 
content and has a more complex distribution of lignins.  This may represent two or more 
different species of wood fibers used in the second paper. 
 
 

 
 

Figure 6: Pyrolysis-GC/MS of a Low Lignin Paper 
 

 
 

Figure 7: Pyrolysis-GC/MS of a High Lignin Paper 
  



 

 

B. Measuring variation in paper saturant 
 
Typically, the paper is saturated with a latex emulsion such as styrene butadiene (SBR), 
polyvinyl acetate, vinyl acrylate, polyvinyl chloride, or an acrylic emulsion. Understanding the 
nature of the saturant, particularly when purchasing an already saturated paper, can be crucial to 
understanding variations in a backing.  
 
FT-IR Analysis 
 
As with the FT-IR analysis of plain paper samples, the absorbance of cellulose dominates the 
spectra of the saturated samples, obscuring peaks with low wavenumbers like butadiene and 
styrene.   
 

 
 

Figure 8: FT-IR of Two Saturated Paper Samples 
 



 

 

Pyrolysis-GC/MS Analysis 
 
The main pyrolysis products of SBR are the butadiene monomer (1, 3-butadiene) and dimer (4-
ethenyl cyclohexene), styrene and smaller fragments generated from styrene (toluene, xylene).  
[11, 12].    In the chromatograms shown below, the first sample contains not only SBR, but 
smaller amounts of polyvinyl chloride and acrylon.  There also appears to be a small amount of 
resin in the saturant or paper. In the second sample, the saturant is just SBR. 
 

 
 

Figure 9: Gas Chromatogram of Saturated Paper 1 
 

 
 

Figure 10: Gas Chromatogram of Saturated Paper 2 
  



 

 

Example 4 
 
Problem: Your raw material has just been banned. 
 
C8 fluoropolymer emulsions were once used in coatings. Then C8 fluoropolymers were banned 
by the EPA under the 2010/15 PFOA Stewardship Program. There was concern that 
perfluorooctanoic acids would bioaccumulate in the body and eventually become toxic.  When 
supplies became severely limited, C6 fluoropolymers were submitted for analysis as possible 
substitutes. 
 
FT-IR Analysis 
 
In this case, the FT-IR shows a clear difference between the Control C8 fluoropolymer and the 
C6 substitute.   
 

 
 

Figure 11: FT-IR Overlay comparing C8 and C6 Fluoropolymers 
 
 
Using the FT-IR’s spectral subtraction feature, the difference between the two samples can be 
determined.  Based on the subtraction spectrum, the Control C8 sample not only contained the 
C8 fluoropolymer, it also contained a silicone additive. 
 
 
 
 
 



 

 

 
 

Figure 12: Spectral Subtraction of C6 Fluoropolymer for C8 Control 
 
 
Pyrolysis-GC/MS Analysis 
 
As with other types of polymers, fluoropolymers will fragment in accordance with their chemical 
structures [13].  The differences seen in the chromatograms below are not structural; they are due 
to the different additives used in the coatings. 
 

 
 

Figure 13: Gas Chromatograms of Control C8 vs. Substitute C6 Fluoropolymer Releases



 

 

To distinguish between the additives in the two samples, Selected Ion Monitoring (SIM) was 
used to increase the detection sensitivity of the additive peaks. SIM is a mass spectrometry 
scanning mode in which only a limited mass-to-charge ratio range is scanned, as opposed to the 
full spectrum range. This has the effect of increasing sensitivity by focusing the detector on the 
compound in question. The Control C8 sample showed the pyrolysis fragments of a silicone 
additive as was detected on the FT-IR.  The C6 substitute showed the pyrolysis fragments of a 
methyl acrylate additive – which was not detected by FT-IR. 
 

 
 

Figure 14: SIM of Control C8 Fluoropolymer showing Multiple Siloxane Peaks 
 

 
 

Figure 15: SIM of Substitute C6 Fluoropolymer showing Multiple Methacrylate Peaks



 

 

 
 

Conclusions 
 
Both FT-IR and pyrolysis-GC/MS have important niches to fill in an analytical or quality control 
laboratory.  FT-IR is cheap, fast and provides useful chemical information about the entire 
structure of a sample.  Pyrolysis-GC/MS isn’t cheap or fast, and it requires good, basic 
background knowledge of chemical structure and bonding behavior in order to interpret the 
results.  But pyrolysis-GC/MS provides information that is irreplaceable when troubleshooting 
quality control issues or when screening replacements for raw materials.  
 
Acknowledgements 
 
I would like to thank the staff of the Intertape Polymer Group R&D Lab for all of their help.  I 
would especially like to thank my managers, Mr. Rich St. Coeur and Mr. John Tynan for their 
encouragement and support.  
 
References 
 

1. Kusch, Peter - “Pyrolysis-Gas Chromatography/Mass Spectrometry of Polymeric 
Materials”, in Advanced Gas Chromatography – Progress in Agricultural, Biomedical 
and Industrial Applications, ISBN 978-953-51-0298-4, 2012, pp.343-362 

 
2. Challinor J.M. - "Characterisation of rosin based commercial resins by pyrolysis and 

simultaneous pyrolysis methylation - gas chromatography/mass spectrometry techniques" 
Journal of Analytical and Applied Pyrolysis,  1993, Vol. 25, pp. 349-360. 

 
3. Donker, Chrétien P.L.C. - “The Chemistry of Tackifying Resins” Proceedings Pressure 

Sensitive Tape Council, TECH XXIV, 2001 pp. 149-164. 
 

4. Del Rio, J.C. - “Py-GC/MS study of Eucalyptus globulus wood treated with different 
fungi” Journal of Analytical and Applied Pyrolysis, 2001, Vol. 58-59, pp. 441-452. 

 
5. Campos, Cristiane Inácio de and Lahr, Francisco Antônio Rocco - “Production and 

characterization of MDF using eucalyptus fibers and castor oil-based polyurethane resin” 
Materials Research, 2004, Vol. 7, No. 3, pp. 421-425.  

 
6. Bellman, David . -  “Factors Influencing the use of Carton Sealing Tapes, and Labels, in 

the Asia Pacific Region” Proceedings of the Pressure Sensitive Tape Council, TECH 
XXVII, 2004, pp. 311-320. 
 

7. Venditti, Richard A. PhD., - "The Effects of Adhesive Properties on the Removal of 
Pressure Sensitive Adhesive Contaminants in Paper Recycling”, Proceedings of the 
Pressure Sensitive Tape Council, TECH XXIX, 2006, pp. 219-241. 
 

8. Yano, Tatsuya, et. al. - “Determination of Neutral Sizing Agents in Paper by Pyrolysis-
Gas Chromatography”, Analyst, 1992, Vol. 117, pp. 849-852. 



 

 

 
9. Kuroda, Ken-Ichi and Yoshiyuki Inoue - “Analysis of Lignin by Pyrolysis-Gas 

Chromatography  I. Effect of Inorganic Substances in Guaiacol-Derivative Yield from 
Softwoods and their Lignins”, Journal of Analytical and Applied Pyrolysis, 1990, Vol. 
18, pp.59-69. 
 

10. Ohnishi, Akio, et. al. - “Curie-Point Pyrolysis of Cellulose”, Polymer Journal, 1975, Vol. 
7, No. 4, pp.431-437. 
 

11. Ericsson, Inger & Pernille Selsbo . - “Determination of Trace Amounts of Styrene-
Butadiene-Latex in Filter Paper”, Pyrol AB, 1992 pp.1-3. 

 
12. Ghebrehiwet N. Ghebremeskel, J. K. Sekinger, J. L. Hoffpauir, and C. Hendrix - “A 

Study of the Thermal Degradation Products of Styrene-Butadiene Type Rubber by 
Pyrolysis/GC/MS”. Rubber Chemistry and Technology, 1996, Vol. 69, No. 5, pp. 874-
884. 
 

13. Sithole, Bruce, et.al. - “Py-GC/MS Analysis of Fluorochemical Sizing Agents in Paper”, 
Canadian Journal of Analytical Sciences and Spectroscopy, 2004, Vol. 49, No. 3, pp148-
155. 

 
 

  
 



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[Press Quality]'] 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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice



<<
  /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 /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType true
  /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 false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /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 false
  /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 false
  /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

  /CreateJDFFile false
  /Description <<
    /ENU ([Based on '[Press Quality]'] 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
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


