A Practical Applications Guide for
Analytical Pyrolysis -GC/MS

Polymer and Rubber




Evolved Gas Analysis

Itpossibletoobtainasignificantamountofinformation without chromatographic sep-
aration ofthe pyrolysis products by connecting the pyrolyser directly an MS detector.
Here,aGCcolumnisreplaced with al-meter piece of fusedsilica,so mass spectral data
isproducedrelativetotemperature. Belowis acomparison of theevolved gases of sev-
eral different polymers containing Bisphenol A. They have different thermal stabilities as
indicated by thetemperatures of maximum production. Theepoxy powder-coatreveals
anearly peak,theevolution of semi-volatileslikeadditives prioritsthermal degradation.
Examining the mass spectraat various times in the analysis can identify the types of
compoundsbeingvolatilised atacertaintimeandthecorresponding temperature. This
isaquick and simpleway to identify polymer characteristics and their constituents.
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Quantify Methyl Methacrylate in a Copolymer

When amaterialis madeusing several different monomers, like astyrene/butadiene
rubber, or a latex paint, PY-GC/MS can identify relative amounts of each monomer
used.Here,acalibration curveis madeto determinetheamountof methylmethacrylate
(MMA)monomeris presentinalargely polystyrene polymer.Figure lisapyrogram of
the 0.4% product MMA, showing the styrene monomer, dimer and trimer of polystyrene,
aswellasasmall peak for MMA monomer. Figure 2 contrasts 0.1%and 0.4% samples.
Astheamountof MMAincreases,the MMA peak becomeslarger, relativeto other more
constantpeaks. Theratio ofthe MMA peak areato thetoluene peak areashows alinear
relationship tothe concentration of MMA. Using apeak arearatio of two peaks makes
theassayindependentofthesamplesize,producingacalibrationtablethatcanbeused
to determine how much MMA in an unknown polymer.
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Thermal Degradation

A polyvinylchloride-polymethyl methacrylate copolymer was treated to multiple tempera-
turesto better understandits thermal behavior. When heated, PVCreleases HCI, then
producesaromatics,includingbenzeneandtoluene.Figure 1showsthebenzenepeak
foraseries ofruns onthesame sample, heating sequentially to 200°, 300°, 400°, 500°,
600°,700°and then 1000°C. Figure 2compares theproduction ofbenzene, fromthe PVC
totheformation of methyl methacrylatefromthe PMMA, at 600°Cand 1000°C. Although
thePVCcontinuestogeneratebenzeneathighertemperatures,thePMMAisessentially

unzipped well before thattemperature.
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Analysis and Determination of Urethane Type

Polyurethanes areaversatilegroup of polymers foundinawidearray of manufactured
productsranging from packaging foams,through elastics, paints and molded goods.
Diisocyanatescanbeusedas markercompoundstodeterminepolyurethanetype.This
istruewhetherthe material isapure polyurethane orablend or composite with only a
smallamountofpolyurethaneinthecomposition.Belowarepyrograms oftwo different
polyurethanes, aclear glossfinish,and ashoesole. Toluenediisocyanate (TDI)isthe
largestpeakinthechromatogram,indicatingthefinishismadefrom TDI. Theshoesole,
theregenerated diisocyanate was 1,1’-methylenebis(4-isocyanato-benzene) (MDI).
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Thermal Desorption of Phthalates (IEC 62321-8)

AnlECmethod forphthalatesinvolvestwo separate heatingramps foronesample. This
requiresthethermaldesorption (TD)accessory mustfirstfrom200°C,at20°Cper minute
to 300°C, then continue heating to asetpoint of 340°C at 5°C per minute to 340°C. The
Pyroprobewas used to desorb the standard solution of phthalates prepared in hex-
ane.Theautosamplerwasprogrammed using asequenceoftwo methodsforone GC
run. Thefirstmethod starts the GCand heats while heating the sample chamber from
200°Cto 300°Cat20°Cperminute. Thesecond method continuesto heatthechamber
from 300°Cto 340°Cat 5°C per minuteduringthesame GCrun. TIC and extracted ion
chromatograms closely matchthechromatogramsin Annex C.2 oftheInternational
Standard.
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Quantification of Epoxy to Hardener Ratios

Carefully measuring epoxy and hardener are essential foraproper cure. Resinto hard-
enerratio canbemeasured byusing Pyrolysis GC-MS. Here,epoxytohardenerratios of
0.50,0.66and 1.00wereused. Whenpyrolysed,each sampleproduced apyrogramlike
theoneshowninFigure1,with mostofthecomponents eluting as three peaks at about
14 minutes. Figure 2shows an expanded view of the epoxies, with epoxy to hardener
ratios of 1:2and 1:1. Ascribing thefirst peak to the epoxy resin and the third peak to the
hardener, peak area ratios were plotted against the relative amounts of the constituents.
Thisproducedalineargraphfortherangeofconstituentratios,showninFigure 3.
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Multi-step Analysis of Automobile Tyre Rubber

Pyrolysis-GChaslongbeenusedtoanalyseforthepolymersusedinmanufacturingthe
tyrerubber. Amulti-stepped temperature approach can help facilitate the analysis of
the total organic composition by permitting selective vaporisation of various volatiles &
semi-volatiles,aswellas pyrolysis ofthepolymerforidentification ofthemonomers.
Afirstrunatarelatively lowtemperature,asin Figure 1, can eliminate volatile contami-
nantsfrom “realworld” samples, sothatthese peaks donotshowupinanalytical runs.
Heating the sample again to 300°C (Figure 2) reveals several additives intrinsic to the
rubber formulation, like hydrocarbon oil and the antioxidant 6-PPD. The pyrolysis run at
700°shownin Figure 3, with volatiles and semi-volatiles now removed, shows that the
tire sample is a butadiene-isoprene rubber clearly displaying the polymer monomers and
dimers formed from pyrolysis.
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Figure 2. Tire Rubber heated to 300°C Figure 3. Tyre rubber heated to 700°C
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