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Rapid Qualitative and Quantitative Analysis of Pyrolysis Oil Using GC-QMS
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1. Introduction

Pyrolysis oil is obtained in the chemical recycling process, and its quality is
evaluated using the GC-QMS method. In this method thermal decomposition
products derived from a wide variety of feedstock polymers are detected, so
identifying the types of polymers present and performing quantitative evaluation
require considerable time. For identifying polymer types in resins, characteristic
pyrolysis products obtained by pyrolysis (PY)-GC-MS are used as marker
compounds; however, it remains unclear whether the same marker compounds
can be applied for identifying polymer types in pyrolysis oil.

In this study, we used the JMS Q1600GC UltraQuad™ SQ Zeta to investigate
the selection of marker compounds for the analysis of pyrolysis oil by the GC-
QMS method, as well as a rapid identification method for polymer types in
pyrolysis oil using these marker compounds. Furthermore, we also investigated
a method for evaluating the composition ratios of polymer types based on the
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JMS-Q1600GC UltraQuad™ SQ-Zeta

peak area ratios of the marker compounds.

2. Experiment

Pyrolysis oil generated from polymer types with the arbitrary mixing ratios shown in Table 1 and standard samples of Polypropylene
(PP), Polyethylene (PE), and Polyvinyl Chloride (PVC) resins were used as the sample. GC-QMS was used for the analysis of pyrolysis
oil, while PY-GC-QMS was used for the analysis of resins. The target analysis function of the integrated analysis software
(msFineAnalysis iQ, JEOL Ltd.) was used for rapid detection of marker compounds. This function detects peaks from the extracted ion

chromatograms (EIC) based on information such as the molecular formula or fragment composition of the target compounds and

confirms the presence of compounds by integrated determining whether the detected peaks correspond to the target compounds.
Measurement conditions of GC-QMS and GC-QMS are shown in Table 2.

Table 1 Sample (Pyrolysis oil)

Table 2 Measurement Conditions

Pyrolysis oil Resin
# Mixing ratio S | treatment  |Liquid iniecti Pyrolysis 600 °C
g 5 el e e EGA/PY-3030D (FRONTIER LAB Ltd)
A 100:0 Sample volume 1 uL (Hexane dilution) 0.1 mg
B 70 : 30 GC JMS-Q1600GC (JEOL Ltd.)
C PP : PE 50 : 50 Inlet temp. 300 °C . .
— - Column DB-5MS (Agilent Technologies) , 30 m x 0.25 mm, 0.25 pm
D] 30:70 Oven temp. 40°C (1 min) - 10 °C/min - 320 °C (30 min), Total 59 min
E 0:100 Column flow 1.0 mL/min (He)
FlpPP:PE:PVC|45:45:10 I’\r;llset mode splitless |spI|t 50:1
Interface temp. 300 °C
lon source temp. 250°C
lonization El (70 eV, 50 pA)
Scan range myz 35~800
3. Results

3.1 Selection of Marker Compounds for Polymer Identification in Pyrolysis Oil

Figure 1 shows the total ion chromatograms (TICC) of pyrolysis oil measured by GC-QMS and of resins measured by PY-GC-QMS.
2,4-Dimethyl -1-heptene (CgH1g), a commony) marker compound for PP resin was not detected in the pyrolysis oil, and since it is a low-
boiling component, it is considered to have volatilized during the collection and storage of oil. Therefore, 2,4,6,8-tetra methyl-1-undecene
(C1sH30) was selected as the marker compound for identifying PP in pyrolysis oil. For PE and PVC, the marker compound 1,20-heneicosadiene
(C21H40) and naphthalene (CioHs) identified by pyrolysis analysis (PY-GC-MS) was similarly detected in the pyrolysis oil and were therefore

selected as the marker compounds for each resin.

References 1) A. Watanabe, BUNSEKI KAGAKU, 73, 6, 251-263 (2024).
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Figure 1 Pyrolysis oil : TICCs of samples A, E, and F (top) / Resins : TICCs of PP, PE, and PVC resins (bottom)

3.2 Rapid Identification of Polymer Types in Pyrolysis Oil Using Marker Compounds

Table 3 shows the peak area values and C.V. obtained from the EIC (base peak m/z) of the marker compounds shown in Section 3-1.
The results demonstrated that the polymer species in pyrolysis oil containing multiple polymers could be rapidly identified using marker

compounds.

Table 3 Peak area values and C.V. (n=5) of marker compounds detected in each sample

Marker compound
CisHsg (PP) Co1Hao (PE) CioHs (PVQ)
Base peak (m/z) 69 55 128
RT (min) 12.36 21.35 10.8
# Mixing ratio Average peak area (n=5)

A 100 : 0 |14150663.4 (C.V. 3.6 %) N.D. N.D.
? 70 : 30 5725813.4 (C.V. 1.7 %)| 246904.2 (C.V. 0.6 %) N.D.
? PP : PE 50 : 50 4166884 (CV. 1.9 %)| 255610.8 (C.V. 2.5 %) N.D.
F 30:70 2286223.2 (CV.0.5%)| 238300.6 (C.V. 2.3 %) N.D.
? 0:100 N.D.| 542496.0 (C.V. 2.4 %) N.D.
F|PP :PE:PVC|45:45:10| 5772299.8 (C.V.1.4%)|388039.2 (C.V. 2.4 %)| 656219.2 (C.V. 1.5 %)

3.3 Evaluation of polymer composition ratios based on peak area ratios of marker compounds

Figure 2 shows plots for samples B, C, D, and F, with the polymer composition ratio of PP and PE on the x-axis and the peak area

ratio of PP and PE on the y-axis. The results indicate a correlation between polymer composition ratio and peak area ratio,

demonstrating that the composition ratio of polymer species in pyrolysis oil can be evaluated using GC-QMS.
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Figure 2 Correlation between polymer composition ratio (PE/PP) and peak area ratio of marker compounds (PE/PP)

4. Conclusion

In the analysis of pyrolysis oil using GC-QMS, low-boiling components of the pyrolysis oil may volatilize during collection and storage.

Taking this into account and appropriately selecting marker compounds allowed rapid identification of polymer types and evalu ation of

their composition ratios.
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