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Compositional analysis of thermoplastic polyurethanes 

using Pyrolysis (Py)-GC/MS
[Background] Thermoplastic polyurethanes (TPUs) are generally composed of polyols, chain extenders, and diisocyanates.
Typical polyols include polyester diols (such as adipates and polycaprolactones), polyether diols (such as polytetra-
methylene glycol (PTMG)), and polycarbonate diols. 1,4-butanediol (1,4-BD) is primarily used as a chain extender and
diphenylmethane diisocyanate (MDI) as a diisocyanate. In this note, the chemical compositions of commonly-used TPUs are
determined using pyrolysis (Py)-GC/MS.

[Experimental] A GC/MS system with a Multi-Shot Pyrolyzer (EGA/PY-3030D) directly interfaced to the GC injector was
used for the measurements. Three commercially-available TPUs (samples A, B, and C) were each dissolved in
tetrahydrofuran (THF) (5 mg/mL), and a 10 μL of the solution was put in a sample cup. The THF was evaporated and the
residue remaining in the cup was pyrolyzed at 600 ºC. The pyrolyzates formed were analyzed by GC/MS.

[Results] The pyrograms of the three samples are shown in Fig. 1. All show that 1,4-BD was used as the chain extender
and MDI as the diisocyanate. As for the polyols, cyclopentanone was detected in sample A, indicating the presence of
adipate polyol. In sample B, ε-caprolactone was detected, indicating the presence of polycaprolactone polyol. In sample C, a
group of compounds presumed to be pyrolyzates derived from PTMG were detected, indicating the presence of PTMG
polyols. The three TPUs were easily differentiated by the chemical compounds (i.e., pyrolyzates) observed in the three
pyrograms.
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Pyrolyzer furnace temp.: 600 ºC, GC oven temp.: 40 ºC (2 min hold) – 320 ºC (20 ºC/min, 14 min hold), Split ratio: 1/50, Column flow rate: 1 mL/min
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Fig.1 Pyrograms of three types of TPU samples
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