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analytical technique for the identification and quanti-

tation of a wide variety of volatile and/or semivolatile
organic compounds in a mixture. This technique is an indis-
pensable tool for analytical laboratories and may be used in
a versatile manner to accommodate an assortment of sample
types. Such versatility has led to the development of a tech-
nique called pyrolysis GC/MS.

Pyrolysis GC/MS has been utilized for paints and coatings
for many years. During that time, numerous advances have
been made in sample introduction, separation, and analy-
sis. This article briefly reviews some of the basic theories
behind the analysis as well as the instrument’s strengths and
limitations.

This article highlights a step-by-step pyrolysis GC/MS
analysis and interpretation of three coating samples focusing
on architectural and/or automotive coatings. The samples
are analyzed and the data is discussed in a step-by-step
process describing what is observed, what information can
be garnered from the data, and some potential uses of that
information.

G as chromatography/mass spectrometry (GC/MS) is an

INTRODUCTION

EAG Laboratories is commonly asked to identify the compo-
sition of an existing paint or coating product for the purposes
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of developing a competitive product. Although a skilled
formulation scientist will frequently have a reasonable idea
for a starting point, information on the actual chemical com-
position of the competitive coating is extremely helpful for
formulation applications, patent purposes, etc.

Additionally, a coating formulation scientist can face
the challenge of replacing a raw material when an existing
material goes out of production, supplier dependability issues
arise, or the material is otherwise unavailable.

The process of reverse engineering a product using a vari-
ety of analytical techniques on a fully formulated product is
known as deformulation. The reverse engineering process,
although challenging, can provide valuable insights into the
true makeup of the coating product for the reformulation or
product improvement process.

In the most general case, a typical paint or coating formula-
tion consists of the following:

e Solvent (water, organic solvents)

e Pigments (titanium dioxide, inorganic pigments, organic
colorants)

» Resins (polymeric materials, such as polyacrylates, poly-
vinyl acetate, polyurethanes, alkyd resins)

e Surfactants

e Other Additives (UV stabilizers, thickeners, antifoaming
agents)



Analysis may be done on fully
formulated paint formulations, or
may be done on the final deposited
coating after curing has taken place.

A typical analytical approach for this
would involve a gas chromatography/
mass spectrometry (GC/MS) analy-
sis of a dilution or extraction of the
paint, a Fourier transform infrared
(FTIR) spectrum of the actual cured paint material, and a
digestion followed by ICP (inductively coupled plasma) anal-
ysis. The GC/MS would identify small semivolatile molecules
and residual solvent. FTIR would allow for a general classifi-
cation of the predominant resin species, and ICP would give
quantitative information about the metallic elements present in
the coating. The presence of metallic elements could cause the
coatings to cure at an accelerated or uneven rate. Having the
information on the metals would allow the formulator to make
the appropriate adjustments for the optimal cure.

However, this basic approach does not give detailed infor-
mation about the composition of the polymeric component.
Polymers, especially crosslinked polymers frequently found
in paints, will not be detected in the soluble extract analyzed
by GC/MS. FTIR will only allow for a broad categorization of
the polymer or resin type (e.g., polyurethanes, acrylics, epox-
ies, polyester, etc.). ICP will typically give no information on
the nature of the polymers or resins present.

Pyrolysis GC/MS allows for a detailed analysis of the resin
components present in a paint or coating formulation. It does
not require that the resin be soluble in a solvent. Therefore,
crosslinked polymers can be easily analyzed. Sample size is on

A coating formulation scientist can face the
challenge of replacing a raw material when
an existing material goes out of production,
supplier dependability issues arise, or the
material is otherwise unavailable.

the order of 100 to 200 micro-
grams, so it may be conducted

on very small sample sizes. It is

a more sensitive technique than
FTIR. Minor components that
would elude identification by FTIR
can be identified in a pyrolysis
GC/MS analysis.

GAS CHROMATOGRAPHY

Gas chromatography is a technique where a sample is separated
into individual chemical components by its relative volatility in
the gas phase. The compounds are normally introduced as a liquid
solution. The solution is volatilized at 200-300°C in the injec-

tor. The compounds typically travel through a capillary column
with a non-volatile film. More volatile components are eluted and
detected first, while less volatile components are detected later.
This order may be modified by the choice of column film materials.
The GC/MS technique is only suitable for materials that are stable
and volatile enough to travel through the column. The tempera-
ture of the column is typically ramped from a low temperature
(40-80°C) to a high temperature (250-350°C) over the course of
30 minutes to an hour.

Gas chromatography allows for a complex mixture of
volatile components to be separated and later identified and/
or quantitated by a variety of detectors and techniques. The
results of gas chromatography are typically plotted as signal
(y-axis) versus retention time (x-axis). The retention time can
be used as an identifying characteristic of a particular com-
pound. An example is shown in Figure 1.

FIGURE 1—Example of a chromatogram obtained via gas chromatography.
Signal intensity is shown on the y-axis. Retention time is shown on the x-axis.
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MASS SPECTROMETRY

After separation by gas chromatography, the separated com-
pounds are frequently routed into a mass spectrometer for a
more detailed analysis. Commonly, the compounds are ion-
ized and fragmented by electrons with 70 Kilo electron volts
of energy. This creates a pattern of ions that is detected by the
mass spectrometer. This pattern of ions frequently allows for
a definitive identification of the compound. Spectral librar-
ies exist to aid in the identification of unknown compounds.
Signal intensity is plotted on the y-axis. Mass-to-charge ratio
is plotted on the x-axis. An example mass spectrum is found
in Figure 2.

The combination of a gas chromatography system coupled to
a mass spectrometer in this way is known as a GC/MS system.

PYROLYSIS WITH GC/MS

In a standard GC/MS analysis, most soluble polymers will not
be volatilized at the 200-300°C injection temperatures. They
will instead remain in the injection chamber of the instrument.
Additionally, a standard GC/MS analysis requires that the
components be dissolved in a solvent. Many polymers, espe-
cially crosslinked polymers, are not soluble in any solvents.
Exposure to high temperature conditions (typically
300-800°C) will cause most polymers to thermally degrade

into smaller fragments. Many of these smaller fragments can
be analyzed by GC/MS analysis. The pieces that are gener-
ated in this way are termed pyrolysis products. The pattern of
pyrolysis products can be analyzed to determine the original
polymeric materials present in the polymer. Increasing the
sample suddenly to a high temperature (such as 600°C) gives
much more reproducible numbers than a gradual tempera-
ture increase over time. However, temperature ramps can be
used if the purpose of the pyrolysis study is to investigate the
decomposition products formed. This can be useful to iden-
tify potential hazardous compounds that could be generated
if the material is burned or overheated.

Virtually all current analytical pyrolysis instruments allow
for the direct analysis of solid materials. Therefore, solubility
in a carrier solvent is not required.

PYROLYSIS PRODUCT ANALYSIS

Once the list of pyrolysis products is obtained by analysis of
the GC/MS chromatogram, the analyst must work backwards
to determine what polymer or polymers present explains the
pattern of observed pyrolysis products. In the simplest case,
a polymer under heating undergoes reverse polymerization
and forms the starting monomer. Dimers, trimers, and other
pieces of the polymer are also frequently observed. Figure 3

FIGURE 2—Example of mass spectrum.
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FIGURE 3—Example of pyrolysis of polystyrene.
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shows the structures of the major pyrolysis products of poly-
styrene, the monomer, dimer, and trimer. Acrylic acid esters
and methacrylic acid esters typically show the monomer as a
significant, if not primary, pyrolysis product. However, some
polymers give rearrangement products that are not reverse
polymerization products. These are more difficult to analyze.
Table 1 lists the primary pyrolysis products observed from a
few polymers.

The list of pyrolysis products in Table 1 is by no means
complete. Many polymers show dozens or hundreds of distinct
detectable pyrolysis products after undergoing pyrolysis. The
analysis of the pyrolysis GC/MS data takes expertise in the abil-
ity to interpret. EAG Laboratories has in-house scientists who
perform data analysis and interpretation.

REACTIVE PYROLYSIS

Certain classes of compounds, especially polyesters, have
complex pyrolysis product mixtures that are complicated
enough to cause difficulty in making a definitive polymer
identification. In this case, a procedure known as reactive
pyrolysis can be used. Reactive pyrolysis is where the poly-
mer undergoes a chemical reaction in the pyrolysis chamber.

This may be instead of, or in addition to, heat-induced pyroly-
sis of the large polymer into smaller fragments.

One common reactive pyrolysis technique is methylation.
One example procedure follows. The polymeric material is
mixed with a large excess of tetramethylammonium hydrox-
ide (TMAH), a strong base, in methanol. The sample is then
heated to 420°C. This allows the base to neutralize acids and
form tetramethylammonium salts. Also, esters are hydrolyzed
first to the free acids by the TMAH, and then neutralized to
form TMAH salts. Upon further heating, these break down to
form methyl esters of the acids and trimethylamine.

The generalized reaction scheme is found in Figure 4.
Additionally, some other functional groups may also be par-
tially or fully methylated, such as alcohols, phenols, and amines.

This procedure greatly simplifies the identification of ester
containing polymers. Table 2 gives some examples of reactive
methylation pyrolysis.

ANALYSIS EXAMPLES

On the following pages, examples of pyrolysis GC/MS analy-
ses of an acrylic water-based urethane, and oil-based enamel,
interior semi-gloss paint, and printing ink are provided.

TABLE 1—Summary of Pyrolysis Product for Some Common Polymers

FIGURE 4—General reaction scheme of reactive pyrolysis—-methylation via
tetramethylammonium hydroxide (TMAH).
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Hydrolysis of esters by tetramethylammonium hydroxide
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POLY(VINYL ACETATE) ACETIC ACID NO KETENE, TOLUENE
CROTONALDEHYDE,
POLY(VINYL ALCOHOL) ACETALDEHYDE NO 2,5-DIHYDROFURAN, METHYL-
HEXADIENE (C7H12)
POLY(ETHYLENE TERE- | 4-VINYLOXYCARBONYL) BENZOIC ACID, VINYL
PHTHALATE) (PET) BENZOIC ACID N BENZOATE, CARBON DIOXIDE,
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Decompostion of TMAH salt to form methyl ester

TABLE 2—Reactive Methylation Pyrolysis Products of Some Polymers

POLYMER REACTIVE METHYLATION PRODUCT(S)

POLY(ACRYLIC ACID) METHYL ACRYLATE TRIMER,
OTHER METHYL ACRYLATE OLIGOMERS

DIMETHYL TEREPHTHALATE, ETHYLENE GLYCOL MONOMETHYL
ETHER, ETHYLENE GLYCOL DIMETHYL ETHER

DIMETHYL TEREPHTHALATE, BUTYLENE GLYCOL MONOMETHYL
ETHER, BUTYLENE GLYCOL DIMETHYL ETHER

METHYL-6-METHOXYHEXANOATE

POLY(ETHYLENE TEREPHTHALATE) (PET)

POLY(BUTYLENE TEREPHTHALATE) (PBT)

POLY(CAPROLACTONE) (PCL)
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Figures 5-7 provide the total ion chromatograms of a 250°C Figures 11-13 provide the total ion chromatograms of a 250°C

desorption, a 600°C pyrolysis, and a 420°C reactive pyrolysis desorption, a 600°C pyrolysis, and a 420°C reactive pyrolysis
analysis of an acrylic water-based urethane. Tables 3-5 provide analysis of an interior semi-gloss paint. Tables 9-11 provide the
the compounds that were detected in the respective analyses. compounds that were detected in the respective analyses.
Figures 8-10 provide the total ion chromatograms of a Figures 14-16 provide the total ion chromatograms of a
250°C desorption, a 600°C pyrolysis, and a 420°C reactive 250°C desorption, a 600°C pyrolysis, and a 420°C reactive
pyrolysis analysis of an oil-based enamel. Tables 6-8 provide pyrolysis analysis of printing ink. Tables 12-14 provide the
the compounds that were detected in the respective analyses. ~ compounds that were detected in the respective analyses.

Pyrolysis Analysis Results of a Water-based Acrylic Urethane Paint

FIGURE 5—Total ion chromatogram of acrylic water-based urethane, desorption at 250°C.
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FIGURE 6—Total ion chromatogram of acrylic water-based urethane, pyrolysis at 600°C.
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FIGURE 7—Total ion chromatogram of acrylic water-based urethane, reactive pyrolysis at 420°C.
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TABLE 3—Results of Desorption Step of Acrylic Water-based Urethane,
Key Desorption Products at 250°C.

RETENTION TIME COMPOUND DETECTED COMMENTS OR SOURCE
1.99 TRIETHYLAMINE PU CATALYST
9.410.3 N-BUTYL METHACRYLATE MAJOR MONOMER
1157121 1-METHYLPYRROLIDINONE CO-SOLVENT RESIDUE
1313.6 1-ETHYL-2-PYRROLIDINONE CO-SOLVENT RESIDUE
y 2-(2-BUTOXYETHOXY)-ETHANOL .
14.7-15.5 (BUTYL CARBITOL) SLOW-EVAPORATED SOLVENT
17.2-17.8 POSSIBLE HIGHER ACRYLATE DIMER OR OLIGOMER
HINDERED AMINE LIGHT
312 STABILIZER, LIKELY TINUVIN 292 ADDITIVE
HINDERED AMINE LIGHT
385381 STABILIZER, LIKELY TINUVIN 292 ADDITIVE
4,4-METHYLENEBIS-
317-38.4 CYCLOHEXANAMINE HMDI BASED URETHANE

TABLE 5—Results of Acrylic Water-based Urethane, Key Reactive Pyrolysis

Products at 420°C
RETENTION TIME COMPOUND DETECTED COMMENTS OR SOURCE
1.298 METHYL CHLORIDE TMAH
1.447 METHYL I0DIDE TMAH
36.048 HINDERED AMINE LIGHT STABILIZER, ADDITIVE
TINUVIN 770
37.302 HINDERED AMINE LIGHT STABILIZER, ADDITIVE
EXACT STRUCTURE UNKNOWN
38.539 HINDERED AMINE LIGHT STABILIZER, ADDITIVE

TINUVIN 292

TABLE 4—Results of Acrylic Water-based Urethane, Key Pyrolysis Products

at600°C
RETENTION TIME COMPOUND DETECTED COMMENTS OR SOURCE
1.34 ETHYLENE OXIDE/ACETALDEHYDE POLYETHER POLYOL IN PU
1.381 METHANOL MA
1.492 BUTANOL BMAZ ACRYLIC CO-MONOMERS
1.676 METHYL ACRYLATE ACRYLIC CO-MONOMERS
1714 METHYL METHACRYLATE ACRYLIC CO-MONOMERS (ISOMER)
1.887 1-PENTANOL PRODUCT OF PU
m METHYL METHACRYLATE ISOMER | MMA UNIT IN ACRYLIC COPOLYMER
2658 TOLUENE R
3.78 ACRYLIC ACID ACRYLIC CO-MONOMERS
4.32-4.52 METHACRYLIC ACID ACRYLIC CO-MONOMERS
516 STYRENE STYREN(I:((I] rl’nggllllb:ERA(IRYLIC
5.701 BUTYL ACRYLATE ACRYLIC CO-MONOMERS
8.484 BUTYL METHACRYLATE (ISOMER) ACRYLIC CO-MONOMERS
8.719 BUTYL METHACRYLATE ACRYLIC CO-MONOMERS (ISOMER)
10.593 HYDROXYETHYL METHACRYLATE ACRYLIC CO-MONOMERS
1302 CAPROLACTONE (POLYESTER-6 POLYCAPROLACTONE
CYCLIC MONOMER) POLYESTER POLYOL
14.644 2-ETHYLHEXYL ACRYLATE ACRYLIC CO-MONOMER
16.76 POSSE&;YSLLYTIEE;;?;THYL STYRENIC ACRYLIC COPOLYMER
20.674 BUTYL ACRYLATE DIMER BMA UNITS IN ACRYLIC COPOLYMER
34.56 CAPROLACTONE DIMER PPOOLIYCE\SPTIEORL&(]:E?ONLE
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Acrylic Water-Based Urethane Conclusion

The pyrolysis data shows that the acrylic water-based ure-
thane is consistent with a blend of styrenic acrylic copolymer
with an aliphatic isocyanate-based polyesterurethane.

The major monomers for this acrylic copolymer include
butyl methylacrylate (BMA), acrylate, and methyl methac-
rylate (MMA). In addition, it includes low levels of other

Pyrolysis Gas-Chromatography Analysis of an Oil-Based Enamel

FIGURE 8—Total ion chromatogram of an oil-based enamel, desorption at 250°C.

monomers such as 2-ethylhexyl acrylate, hydroxyl ethylacry-
late, methyl acrylate, and styrene.

The polyester urethane in this sample is consistent with a
hydrogenated methylenebis(phenylisocyanate) (HMDI) and
polycaprolactone based polyester urethane.
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FIGURE 9—Total ion chromatogram of an oil-based enamel, pyrolysis at 600°C.
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FIGURE 10—0il-based enamel, reactive pyrolysis at 420°C.
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TABLE 6—0il-based Enamel, Key Desorption Products at 250°C

RETENTION TIME COMPOUND COMMENTS OR SOURCE
14.34-15.76 2-ETHYLHEXANOIC ACID STABILIZER
POLYBASIC ACID USED IN ALKYD
17.3-18.2 PHTHALIC ANHYDRIDE RESIN PREPARATION

TABLE 7—0il-based Enamel, Key Pyrolysis Products at 600°C

RETENTION TIME COMPOUND COMMENTS OR SOURCE
1314 ISOBUTENE ADDITIVE
1.426 2-PROPENAL (ACROLEIN) PRODUCT FROM THE PRODUCTION
OF ACRYLICACID
16.544 PHTHALIC ANHYDRIDE POLYBASIC ACID USED IN ALKYD
RESIN PREPARATION

TABLE 8—0il-based Enamel, Key Reactive Pyrolysis Products at 420°C

RETENTION TIME COMPOUND COMMENTS OR SOURCE
18.752 DIMETHYL PHTHALATE TMAH
24.851 METHYL PALMITATE SOLVENT
26.391 METHYL LINOLEATE SOLVENT
26.757 METHYL OLEATE LUBRICANT FOR PAINT
21.08 METHYL STEARATE ADDITIVE
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Oil-Based Enamel Conclusion

The pyrolysis data shows that that oil-based enamel is consis-
tent with an alkyd polyester resin. The major components for
this resin are phthalic anhydride and 2-propenal (acrolein).

Pyrolysis Gas-Chromatography Analysis of an Interior Semi-Gloss Paint

FIGURE 11—Total ion chromatogram of an interior semi-gloss paint, desorption at 250°C.
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FIGURE 12—Total ion chromatogram of an interior semi-gloss paint, pyrolysis at 600°C.
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FIGURE 13—Total ion chromatogram of an interior semi-gloss paint, reactive pyrolysis at 420°C.

[Abundance

1.3e+08

1.2e+08

1.1e+08

1e+08

9e+07

8e+07:

Te+07:

6e+07

5e+07:

4e+07

3e+07:

2e+07

1e+07

TIC: PY1032.D\data.ms

I

[Time—>

_ 200 4.00 600 8.00 10,00 12.00 1400 16.00 1800 20.00 2200 24.00 2600 26:00 30.00 32.00 34.00 36.00 38.00 40.00 42.00 44.00 46.00 48.00 50.00 52.00 54.00 56.00 58.00 _

TABLE 9—Interior Semi-gloss, Key Desorption Products at 250°C

RETENTION TIME

30.704

COMPOUND

TRIETHYLENE GLYCOL, DI(2-ETHYLHEXOATE)

COMMENTS OR SOURCE
PLASTICIZER

TABLE 10—Interior Semi-gloss, Key Pyrolysis Products at 600°C

RETENTION TIME COMPOUND COMMENTS OR SOURCE
211 METHYL METHACRYLATE ACRYLIC CO-MONOMERS (ISOMER)
2.681 TOLUENE STYRENIC UNIT IN ACRYLIC COPOLYMER
2.324 STYRENE STYRENIC UNIT IN ACRYLIC COPOLYMER
30.52 STYRENE DIMER STYRENIC UNIT IN ACRYLIC COPOLYMER

TABLE 11—Interior Semi-gloss, Key Reactive Pyrolysis Products at 420°C

RETENTION TIME COMPOUND COMMENTS OR SOURCE
1.298 METHYL CHLORIDE TMAH
1.441 METHYL 10DIDE TMAH
1.866 BUTANOL BMAZ ACRYLIC CO-MONOMERS
1.948 TRIETHYLAMINE PU CATALYST
2.091 METHYL METHACRYLATE ACRYLIC CO-MONOMERS (ISOMER)
5141 STYRENE STYRENIC UNIT IN ACRYLIC COPOLYMER
1932 N-BUTYL ISOBUTYRATE SOLVENT
8.123 BUTYL METHACRYLATE ACRYLIC CO-MONOMERS (ISOMER)
10.907 1-METHYL-2-PYRROLIDINONE CO-SOLVENT RESIDUE
12.509 1-ETHYL-2-PYRROLIDINONE CO-SOLVENT RESIDUE
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Interior Semi-Gloss Conclusion

The pyrolysis data shows that the interior semi-gloss paint and styrene. The plasticizer present in the interior semi-gloss
is consistent with a styrenic acrylic copolymer. The major was also able to be identified by pyrolysis GC/MS.
monomers for this copolymer include methyl methacrylate

Pyrolysis Gas-Chromatography of Printing Ink

FIGURE 14—Total ion chromatogram of a printing ink, desorption at 250°C.
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FIGURE 15—Total ion chromatogram of a printing ink, pyrolysis at 600°C.
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FIGURE 16—Total ion chromatogram of a printing ink, reactive pyrolysis at 420°C.
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TABLE 12—Printing Ink, Key Desorption Products at 250°C

RETENTION TIME COMPOUND COMMENTS OR SOURCE
18.356-19.814 ACETYLENIC DIOL ACRYLIC ADHESIVE
TABLE 13—Printing Ink, Key Pyrolysis Products at 600°C
RETENTION TIME COMPOUND COMMENTS OR SOURCE
2.655 TOLUENE STYRENIC UNIT IN ACRYLIC COPOLYMER
5143 STYRENE STYRENIC UNIT IN ACRYLIC COPOLYMER
5.669 BUTYL ACRYLATE ACRYLIC CO-MONOMERS
8.623 ALPHA-METHYL STYRENE STYRENIC UNIT IN ACRYLIC COPOLYMER
18.836 BENZENE 1,4-DIISOCYANATE POLYURETHANE MONOMER
20.206 STYRENE DIMER STYRENIC UNIT IN ACRYLIC COPOLYMER
2151 C14H2002 — PROBABLE STYRENE-BUTYL ACRYLATE MIXED OLIGOMER STYRENIC UNIT IN ACRYLIC COPOLYMER
21.516 C14H2002 — PROBABLE STYRENE-BUTYL ACRYLATE MIXED OLIGOMER STYRENIC UNIT IN ACRYLIC COPOLYMER
22.403 PROBABLE STYRENE DIMER STYRENIC UNIT IN ACRYLIC COPOLYMER
30.426 STYRENE OLIGOMER STYRENIC UNIT IN ACRYLIC COPOLYMER

TABLE 14—Printing Ink, Key Reactive Pyrolysis Products at 420°C

RETENTION TIME COMPOUND COMMENTS OR SOURCE
1.306 METHYL CHLORIDE TMAH
1.421 METHYL ISOCYANATE POLYURETHANE PRODUCT
1.459 METHYL I0DIDE TMAH
1.648 METHYL ACRYLATE ACRYLIC CO-MONOMERS
2141 METHYL METHACRYLATE ACRYLIC CO-MONOMERS
2.615 TOLUENE STYRENIC UNIT IN ACRYLIC COPOLYMER
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Printing Ink Conclusion

The pyrolysis data suggest that the printing ink is consistent
with a blend of stryrenic acrylic copolymer with a methyl
isocyanate. The acrylic adhesive, acetylenic diol, was deter-
mined to be present in the sample. The major monomers for
this copolymer are butyl acrylate, methyl acrylate, methyl
methacrylate, and styrene.

CONCLUSION

Pyrolysis GC/MS allows for the identification of polymer
materials in matrixes that are intractable to other analytical
techniques. The advantages to this technique are numerous:

1. It provides the identification of multiple polymeric species,
including low level components present in a mixed poly-
meric system.

2. A sample may be analyzed “as received” without any need for
dissolution or digestion before analysis is carried out. Most
inorganic materials do not alter or interfere with the analysis.

3. The technique is able to be conducted in a quantitative
fashion if suitable similar standard materials are available.

4. Crosslinked polymers may be analyzed and identified.

5. Nonpolymeric materials and additives can be analyzed in
the same sample via a preliminary “desorption” step.

6. Reactive methylation pyrolysis allows for characterization
of otherwise difficult polymers, such as polyesters.

7. The technique can be used to give an indication of poten-
tially hazardous materials that would be released due to
overheating or exposure to a fire.

8. Copolymers can sometimes be identified due to the presence
of “mixed oligomer” pyrolysis products. This is greatly aided
by the side-by-side analysis of an example copolymer.

There are some limitations to keep in mind when considering
pyrolysis GC/MS as an analytical method. Other techniques
can be used in a complementary fashion to help in the analysis.

1. This technique does not normally yield molecular weight
information (see #4 below).

2. Certain types of nonpolymeric materials, such as carbox-
ylic acid salts, will also decompose during pyrolysis. This
can complicate the analysis of the material.

3. Unusual polymers may require different pyrolysis tem-
peratures to give pyrolysis products. Polyimides, epoxy
compounds, phenylsiloxane polymers, and fluorinated
polymers may require elevated pyrolysis temperatures.

4. Gel permeation chromatography (GPC) would be the
preferred option for molecular weight. GPC separates the
polymeric components on the basis of the size. The molec-
ular weight information obtained by GPC can aid the for-
mulator in understanding and predicting how the material
might perform in various environments.

5. Liquid chromatography/mass spectrometry (LC/MS) can
be used in the analysis of surfactants present in the paint/
coating. The LC portion separates the components in the
system while the MS portion aids in the interpretation of
the compounds. #:
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