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Quantification of polyethylene in biodegradable plastics
Part 2 Double-shot Py-GC/MS

PYA1-188E
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Multi-Shot Pyrolyzer (EGA/PY-3030D), High-purity calcium carbonate (PY1-494) 

Biodegradable, Polylactic acid, PLA, PBAT, Startch, EGA-MS, Double-shot Py-GC/MS

General polymer analysis

Fig. 1. Chromatogram and pyrograms of P2 sample. (A) 1st shot, (B) 2nd shot, and (C) 2nd shot detected in SIM mode

(C10 and C14 refer to linear α-alkenes with 10 and 14 carbon atoms, respectively).
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(A) 1st shot TIC

(B) 2nd shot TiC
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(C) 2nd shot SIM

m/z 57+69+83+97

1 Cyclopentanone

2 meso-Lactide

3 rac-Lactide

4 Ben-Adp

5 But-Adp, cyclic

6 Ben-Adp-Ben

7 Hyb-Adp-Ben

8 Ben-Ter-Ben

9 Hyb-Ter-Ben

10 But-Adp-But-Adp, cyclic

11 Ben-Adp-Ben-Adp-Ben

12 But-Adp-But-Ter, cyclic

13 Ben-Adp-But-Ter-Ben

14 But-Ter-But-Ter, cyclic

1' Butadiene

2' Benzene

3' Toluene

4' Cyclopentanone

5' Dibenzyl methane

6' Benzophenone

1st shot; Furnace temperature: 150 ºC - 430 ºC at 30 ºC/min, GC oven temperature: 100 ºC - 310 ºC at 30 ºC/min, Split ratio: 100:1, MS TIC mode: m/z 50-550
2nd shot; Furnace temperature: 600 ºC, GC oven temperature: 50 ºC (2 min hold) - 20 ºC/min - 310 ºC (20 min hold), Split ratio: 5:1, MS SIM mode: m/z 57,69,83,97
Sample amount: 150 µg.
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[Background] The EGA-MS experiment reported in the previous note (PYA1-187E) showed that PE is the most thermally
stable organic component in biodegradable plastics (BPs). In this note, double-shot (DS) Py-GC/MS of a BP sample is
demonstrated to obtain suitable measurement conditions for the quantification of PE in BPs. Starch and the matrix
(polylactic acid (PLA) and poly(butylene adipate-co-terephthalate (PBAT)) in the BP sample are pyrolyzed in the 1st shot
(150-430 ºC), leaving only PE to be degraded in the 2nd shot (600 ºC) for quantification.

[Results] Figures. 1(A) and (B) respectively show the thermal degradation profiles in total ion current (TIC) obtained by the 1st

and 2nd shots in DS Py-GC/MS of P2 sample. Peaks in Fig. 1 (A) are ascribed to the pyrolyzates of PLA and PBAT. The
major peaks in Fig. 2 (B) were all ascribable to the aromatic compounds already observed in the EGA curve of P14 sample
(PYA1-187E). Even with a low split ratio, the intensities of PE pyrolyzates are too weak to quantify in a TIC mode. Then, the
operation mode of mass detection was switched to SIM mode in the 2nd shot, only detecting the characteristic ions of linear
saturated/unsaturated hydrocarbons as the sum of ions at m/z 57, 69, 83, 97. The significant increase in the peak intensity is
observed as shown in Fig. 2(C). From these results, in the next note (PYA1-189E), quantification of PE in BPs is done based
on the sum of the peak areas of selected α-alkene peaks (C10–C14 and C18–C25), normalized by sample weight, while
mid-range hydrocarbons (C15–C17) are excluded due to interferences from the aromatic compounds.

[Experimental] 150 μg of P2 BP sample (PLA and PBAT : CaCO3 : PE = 76.4 : 23.1 : 0.5 in wt%) was used as the test
sample. DS Py-GC/MS measurements were done using a pyrolyzer (EGA/PY-3030D) connected to the GC injector of a
GC/MS system. Mass detection was done in a scan mode or selected ion monitoring (SIM) mode. In the 1st shot, a relatively
high sample amount (150 μg) was used, so that the mass of PE is above the instrumental detection limit, in combination with
a high split ratio (100:1) to avoid saturation in GC separation and mass detection. In the 2nd shot, a low split ratio (5:1) was
used to enhance the sensitivity. The P2 sample was heated from 150 ºC to 430 ºC at 30 ºC/min in the 1st shot and was
pyrolyzed at 600 ºC in the 2nd shot. To shorten the measurement time, steep heating rate (starting from 100 ºC, 30 ºC/min)
for GC oven was used in the 1st shot, while milder rate (starting from 50 ºC, 20 ºC/min) was used in the 2nd shot.
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