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Quantification of polyethylene in biodegradable plastics
Part 1 EGA-MS

[Background] Biodegradable plastics (BPs) are widely used for short-lived goods such as shopping bags, packaging, and
disposable tools. Small amounts of non-biodegradable plastics, such as polyethylene (PE) are added to BP formulations to
reduce costs and improve processability. European regulation, BS EN 13432:2000, limits the PE content in BPs to a
maximum of 1 % by weight, but no information is provided on how the contents should be measured. In this note, prior to
quantification of PE in BPs by double-shot (DS) Py-GC/MS and evolved gas analysis (EGA)-MS, Thermal behavior of BPs
containing PE is examined by EGA-MS. The subsequent notes are the first report describing the quantification of PE in BPs
by analytical pyrolysis-based techniques.

[Experimental] P14 BP sample was a mixture of polylactic acid (PLA) and poly(butylene adipate-co-terephthalate) (PBAT)
containing starch, additives (fatty amides and plasticizers), and PE. P14 was used as the test sample, and its composition
ratio was PLA and PBAT : starch : additives : PE = 68.1 : 20.6 : 6.2 : 5.0 in wt%. All measurements were done using a
GC/MS system equipped with a micro-furnace pyrolyzer (EGA/PY-3030D) directly interfaced to the GC injector with a split
ratio of 30:1, and an EGA tube was set between the GC injector and a mass detector. In EGA-MS measurements, samples
were heated from 50 °C to 700 °C at 10 °C/min.

[Results] Figure 1 shows the EGA curve of the P14 BP sample. Four thermal zones of this curve were examined. The first
three zones are ascribed to the pyrolysis products of starch (m/z 60, 73) and PLA (m/z 56), PBAT (m/z 149, 203), and PE
(m/z 57, 69, 83, 97), respectively. The broad peak in the last zone could be ascribed to aromatics bearing carbonyl groups
(m/z 78, 105, 182) formed by secondary reactions of PBAT pyrolyzates due to the slow heating rate. While additives did not
show any signal ascribed to the thermal desorption or pyrolysis. This is considered to be due to their lower concentration
compared to other polymer components in BPs. From EGA curve, PE is found to be the most thermally stable organic
component of the BP sample. Following this observation, quantification of PE in BPs is described by DS Py-GC/MS (PYA1-
188E, PYA1-189E) and EGA-MS (PYA1-190E).
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Fig. 1. EGA-MS curve of P14 BP sample, averaged mass spectra of four thermal zones, and the chemical structures of the
components of P14 in each zone.

Furnace temp.: 50 °C (10 °C/min) — 700 °C, GC oven temp.: 300 °C, Split ratio: 30:1, MS TIC mode: m/z 50 — 500,
EGA tube: UADTM-2.5N deactivated metal capillary tube (3 m x 0.15 mm), Sample amount: 50 pg.

Ref.: M. Matonai, et al., J. Anal. App. Pyrolysis, 191 (2025) 107172.
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Products used : Multi-Shot Pyrolyzer (EGA/PY-3030D), High-purity calcium carbonate (PY1-494) , UADTM-2.5N
Applications :  General polymer analysis
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