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CDS ANALYTICAL PYROLYSIS LIBRARY

INTRODUCTION

Analytical pyrolysis is the most direct way to use a gas chromatograph for the analysis and
identification of polymers.  Since polymer molecules in general are too large to be compatible
with analysis by gas chromatography, pyrolysis is used to break these molecules into smaller
pieces which are volatile enough to pass through the GC column.  The mass spectrometer
may then be used as in any analysis by GC-MS, to identify the individual peaks in the pyrogram,
which are fragments and degradation products of the original macromolecule.  Figure 1 shows
a typical example of polymer analysis by Py-GC/MS, polypropylene at 750°C, with a spec-
trum of the peak at 5 minutes shown below it.  Figure 2 shows the comparison of the mass
spectrum from that peak to the library spectrum of 2, 4-dimethyl heptene, which is the trimer
of propylene.  Other polyolefins pyrolyze to produce pyrograms of fragment molecules, for
example the normal hydrocarbons seen in a pyrogram of polyethylene, or a combination of
normal and branched hydrocarbons seen in a copolymer of ethylene and propylene, shown in
Figure 3.

The pattern of peaks created by the pyrolysis products of a polymer is frequently characteris-
tic for that polymer in the same way that the pattern of mass fragments in a mass spectrum is
characteristic of a specific molecule.  It is therefore a logical extension of the process to try
pattern recognition techniques to match unknown polymers to pyrograms of known materials
and thereby identify the unknowns.

Unfortunately, the pattern of peaks in a chromatogram is more difficult to reproduce and
recognize than the pattern in a mass spectrum, since the spacing along the x axis (time) is
variable with column dimensions and pneumatic parameters.  In addition, a reconstructed ion
chromatogram consists of thousands of individual spectra, making it a very large data file, so
storage of pyrograms for comparison rapidly uses disk space.

The data analysis software of the mass spectrometer permits averaging spectra under a
peak, which produces a single spectrum representative of a section of the chromatogram.
There is no limit on the amount of time which may be incorporated into this averaging, and, in
fact, the entire chromatogram may be averaged and stored as a single spectrum, requiring
only about 0.02% of the disk space needed to store the original chromatogram.  This aver-
aged spectrum for the pyrogram may be added to the mass spectrometer’s library, or a new
library of pyrolyzed polymer spectra created.  The computer of the mass spectrometer can
search and match these spectra to identify unknown polymers just as it does for the mass
spectra of individual compounds.  The averaged mass spectra for the pyrograms become a
simulated pyrolysis-mass spectrum, independent of chromatographic conditions.  The combi-
nation of the averaged mass spectra and the pyrogram tic provides a very powerful two-
pronged technique for the analysis of polymeric systems, since it permits analysis of the
individual peaks in the pyrogram using standard searching libraries while providing the chro-
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Instead of selecting one mass spectrum from the TIC, you can average the mass spectra
from a peak, region, or the whole chromatogram.  This is a single mass spectrum which
averages all the data for the entire chromatogram obtained by pyrolyzing polypropylene.
This single, average spectrum may be stored in a library and compared to other spectra,
especially to spectra obtained for known materials.

FIGURE 4
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matographic pattern characteristic of the polymer and also permits use of the existing com-
puter searching techniques to be applied to the polymer as a whole.
Figure 4 shows an average spectrum for all the peaks in the pyrogram of polypropylene
shown in Figure 1.  If this spectrum is searched in a library of spectra produced for a variety of
polymers, it is matched to the polypropylene spectrum.  Another example is shown in Figure
5.  At the top is the pyrogram of poly vinyl chloride, pyrolyzed at 750°.  When pyrolyzed, PVC
eliminates chlorine as HCl, then the carbon backbone cyclizes to generate aromatics.  At the
center of Figure 5 is the spectrum for the peak at 1.9 minutes, which identifies this peak as
benzene.  Other aromatics, including naphthalene, are present in the pyrogram, while the
HCl is the first large peak to elute.  The averaged mass spectrum for the whole pyrogram,
shown at the bottom of Figure 5, includes significant peaks at 36, from the HCl, 78 from the
benzene, as well as higher masses from larger aromatics.

Just as the pyrograms of different polymers should be distinguishable, the averaged mass
spectra from these pyrograms should be specific for each polymer.  Figure 6 compares the
averaged mass spectra for four different polymers - a polyolefin, an acrylic, a polyamide and
a polyester - all clearly different.  Within a group, different polymer formulations may be distin-
guished by pyrolysis-GC, and should still generate different averaged mass spectra.  Aver-
aged mass spectra for pyrograms of Nylon 6, 12, 6/6 and 6/12 are shown in Figure 7, reveal-
ing some similarities, as well as some significant differences.

When applying this averaged spectrum concept to actual sample materials, the presence of
non-polymeric materials, additives, contaminants and so on may introduce peaks in the
pyrogram and in the mass spectrum prepared from it which could reduce the quality of match-
ing with the library spectra.  None-the-less, the results of the library search should at least
give direction in the investigation of the unknown.  In Figure 8, a pyrogram is presented which
was obtained from colored carpet fibers.  The pyrogram was averaged, then searched in the
polymer library, and the best fit was for Nylon 6/6.  This identification was subsequently
confirmed by a comparison of the pyrogram of the carpet fibers to a pyrogram of Nylon 6/6
reference material.

Figure 9 shown a pyrogram for Tygon tubing, which includes peaks for HCl, benzene, naph-
thalene, and other aromatics, indicating PVC.  In addition, there is a large peak at about 25
minutes not seen in PVC, which the mass spectrometer identifies as bis-2-ethylhexyl phtha-
late, a plasticizer.  The averaged spectrum for the pyrogram up to 25 minutes (excluding the
plasticizer) is recognized by the data system as PVC.  If the total pyrogram is averaged, as
shown in the center of Figure 9, it now contains a large peak at 149.  This spectrum may be
added to the library as PVC plus the plasticizer, and in future analyses, plasticized PVC can
be identified for both the polymer and plasticizer used.

A final example is shown in Figure 10.  This is a sample of clear plastic taken from a storage
box made for computer disks.  When pyrolyzed, it produced styrene monomer, dimer and
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trimer, indicating polystyrene, which is a logical choice for this kind of material.  When the
pyrogram was averaged and searched, however, the best fit was for a copolymer of styrene
and butadiene, not for pure polystyrene.  Closer investigation of the smaller peaks in the
pyrogram did reveal the presence of butadiene oligomers, information which may have been
missed by just a visual inspection of the pyrogram.

This manual contains a list of samples such as polymers and copolymers which have been
pyrolyzed, typically at 750°C.  The pyrogram, using a HP-5 capillary column, and the aver-
aged spectrum for the whole pyrogram are displayed together for each sample.  The aver-
aged pyrolysis mass spectra for the samples have been compiled as a library called “Pyroly-
sis” (Pyr2003.l) and may be searched for matching to pyrolysis spectra produced the same
way for unknowns.  As additional information, the pyrograms themselves may be compared
for similarity of pattern to the pyrogram of the unknown material.
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INSTALLATION

The pyrolysis identification library is used just as any other library in the mass spectrometer
for searching matches.  The only difference is that the spectra in the pyrolysis library are not
spectra of pure materials, but composites of all the peaks in pyrogram.  The pyrol.l library is
installed from the disk onto the data station hard drive, as for any other library of spectra.
Installing it into the Chemstation Database location permits easy selection of the pyrolysis
library for searching the whole pyrogram, and easy return to the standard library (for example,
NBS75K.l) for identifying individual peaks in the pyrogram.

To install the library, insert the floppy disk or CD into the appropriate drive of the computer.  In
the Windows Explorer program, click on that drive to display the files on the disk.  Select the
pyr2003.l file and copy it to the Database section of the Chemstation [C] hard drive, either by
the copy function or just dragging it to the right location with the mouse.

The  Database section of the hard drive should show both the standard library and the pyroly-
sis library now (along with some others possibly, such as Demo.l).
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USING PYR2003.L

The standard library of spectra (such as the NBS75K.l) should be used as usual for identify-
ing the pyrolysis materials which elute as individual peaks in the pyrogram.  When the run is
complete, the entire pyrogram should be averaged, just as the spectra for a single peak could
be averaged, but for the whole pyrogram.  It will probably take the computer a minute to do
this, but when it is done, it will display the averaged spectrum.

To search the pyrolysis library for a match to this spectrum, click on SELECT LIBRARY in the
SPECTRUM menu, and change from C:\DATABASE\NBS75K.L (or whatever the current
library is) to C:\DATABASE\PYR2003.L.

The computer will now search the averaged pyrogram spectrum against the library of aver-
aged polymer pyrogram spectra, and present the best match in the same way that it does for
an individual peak.

For the maximum information, it is advised that the individual peaks in the pyrogram be searched
using a standard library in addition to searching the averaged pyrogram spectra.  This not
only gives confirming information that the proper pyrolysis products are present in the pyrogram,
but will help identify materials which may be present in the pyrogram but which are not actu-
ally pyrolysis products, such as residual solvents, plasticizers and contaminants.
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     Sample name Page

LIST 1.

LIST 2.

LIST 3.

Acrylic Paint (Artist) Yellow 4.

Adhesive (Rubber cement) 5.

Adhesive (Temporary, acrylic) 6.

Adhesive (Temporary, label) 7.

Amber (Baltic) 8.

Butyl Rubber 9.

Cellulose Acetate (with diethyl phthalate) 10.

Copal (Brazil) 11.

Ethylene/Propylene Rubber 12.

Filter (Cigarette, cellulose acetate with triacetin) 13.

Glue (Hide, solid) 14.

Kevlar 15

Kraton 1107 16.

Motor Oil (Synthetic) 17.

Nylon 11 18.

Nylon 12 19.

Nylon 6 20.

Nylon 6/10 21.

Nylon 6/12 22.

Nylon 6/6 23.

Nylon 6/9 24.

Nylon 6T 25.

Oil Paint (Artist) Red 26.

Paper (with temporary adhesive) 27.

Paint (Epoxy) 28.

Petroleum Oil (Crude) 29.

Poly 1-Butene 30.

Poly 4-Methyl-1-Pentene 31.

LIBRARY OF PYROGRAMS
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Poly Acrylamide 32.

Poly Acrylonitrile 33.

Poly alpha-Methyl Styrene 34.

Poly Butyl Acrylate 35.

Poly Butyl Methacrylate 36.

Poly Caprolactone 37.

Poly Chloroprene 38.

Poly Dimethyl Siloxane 39.

Poly Epichlorohydrin 40.

Poly Ethyl Acrylate 41.

Poly Ethyl Methacrylate 42.

Poly Ethylene 43.

Poly Ethylene (16%) in Polypropylene 44.

Poly Ethylene (25%) in Polypropylene 45.

Poly Ethylene (7%) in Polypropylene 46.

Poly Ethylene (9%) in polypropylene 47.

Poly Ethylene Glycol 48.

Poly Ethylene Oxide 49.

Poly Ethylene Terephthalate 50.

Poly Isobutylene 51.

Poly Isoprene 52.

Poly Luaryl Methacrylate 53.

Poly Methyl Acrylate 54.

Poly Methyl Methacrylate 55.

Poly Propylene (atactic) 56.

Poly Propylene (isotactic) 57.

Poly Styrene 58.

Poly Styrene (28%) Butadiene (72%) 59.

Poly Styrene (70%) Acrylonitrile (30%) 60.

Poly Styrene (85%) Butadiene (15%) 61.

Poly Styrene/Allyl Alcohol 62.

Poly Styrene/Butyl Acrylate 63.

Poly Styrene/Ethylene-Butene 64.

Poly Tetrafluoroethylene 65.

Poly Urethane (Polyester) 66.

Poly Urethane (Polyether) 67.

Poly Vinyl Acetate 68.

Poly Vinyl Alcohol 69.
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Poly Vinyl Chloride 70.

Poly Vinyl Chloride with bis-2-Ethylhexylphthalate 71.

Poly Vinyl Chloride/Vinyl Acetate 72.

Poly Vinyl Chloride/Styrene/Methyl Methacrylate 73.

Poly Vinyl Fluoride 74.

Poly Vinyl Toluene 75.

Poly Vinylidine Chloride 76.

Rayon 77.

Rubber (Ethylene 54.2%/propylene) 78.

Rubber (Ethylene 78.6%/propylene) 79.

Rubber (Tire) 80.

Rubber (Tire) 81.

Shampoo 82.

Sunblock (SPF40) 83.

Tobacco (Cigarette) 84.

Tobacco (with menthol) 85.

Tape (Clear, whole with adhesive and plasticiser) 86.

Toner (Styrene, BA, 2-ethyl Hexyl Acrylate) 87.

Toner (Styrene, BA, BMA) 88.

Toner (Styrene/Butyl Acrylate) 89.

Viton A 90.

Water Color (Artist) Red 91.

Wool (Brown) 92.
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