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Towards Development of Innovative Analytical Pyrolysis Technologies
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We are developing innovative pyrolysis technologies, such as pyrolysis-gas chromatography/mass spectrometry (Py-GC/MS), and the related

equipment for polymer characterization and development of pyrolysis processes for feedstock recovery from waste plastics and biomass resources. We

are also trying to develop human resources capable of global perspectives through international collaborative researches and seminars with Frontier

Laboratories’ global branch offices.
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Fig. 1 Schematic illustration of a customized pyrolysis—gas chromatography/mass

spectrometry (Py-GC/MS) system capable of using air as the carrier gas for combustion.

Thermo-Oxidative Degradation of Super
Engineering Plastics Using Customized Pyrolysis-
Gas Chromatography/Mass Spectrometry

Pyrolysis is a promising approach for polymer characterization
(analytical pyrolysis) and chemical feedstock recovery from polymer
wastes (applied pyrolysis), as it can thermally decompose a wide range
of polymers into smaller molecules under an inert atmosphere.
Pyrolysis—gas chromatography (Py-GC) couples a micro-pyrolyzer with
direct GC analysis of the resulting products, enabling rapid and reliable
characterization of polymer microstructure and composition as well as
efficient screening of pyrolysis conditions for feedstock-recycling
process design.

This year, in this course, we developed a method in which air is
introduced as the carrier gas into a multi-shot pyrolyzer (EGA/PY-
3030D), with a newly installed line to dilute the air with helium upstream
of the GC (Fig. 1). This setup enables combustion to proceed inside the
pyrolyzer and allows for direct GC analysis of the resulting combustion
gases (Fig. 2). Using this approach, we achieved inline analysis of
combustion gas products from poly(ether ether ketone) (PEEK), a super
engineering plastic. This work, conducted jointly with the Yoshioka
Laboratory and Chongqing University, was published in open-access
format in the pyrolysis-focused journal listed below.
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Fig. 2 Extracted-ion chromatograms of pyrolysis/combustion
products under an air atmosphere.
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”Experimental and ReaxFF MD study on the thermo-oxidative

behavior of polyether ether ketone”, Journal of Analytical and Applied
Pyrolysis, 190, 107141 (2025).
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[2] Shogo Kumagai . FCo-Pyrolysis of Plastics, Biomass, and
Petroleum: Recent Advances and Current Developments |
PYROASIA2025 (2025/12/11)

[3] Atsushi Watanabe, Advances in Polymer Characterization Using
Multifunctional Pyrolysis-GC/MS System,. the 21" China
symposium on analytical and applied pyrolysis (2025/11/23)

Fig. 3 Certificate of Appreciation Ceremony:
PYROASIA 2025 Chair to Prof. Watanabe

Fig. 4 Group photo of the core members
of the PYROASIA 2025 symposium.

Paper : “Experimental and ReaxFF MD study on the thermo-oxidative
behavior of polyether ether ketone,” Journal of Analytical and Applied
Pyrolysis, 190, 107141 (2025).

Publication of an Award Paper for the JSAC
Award for Young Researchers

An award review article titled “Application of Pyrolysis—Gas
Chromatography in the Development of Organic Carbon Resource
Utilization Processes,” authored by Prof. Shogo Kumagai, has been
published in Bunseki Kagaku (Analytical Chemistry) in connection with
the 2024 JSAC Award for Young Researchers from the Japan Society for
Analytical Chemistry. The article presents pyrolysis-based analytical
methods developed in our laboratory with representative applications and
highlights the contributions of pyrolysis gas chromatography to chemical
feedstock recovery from plastics and biomass.

Co-organizing the PYROASIA2025 Conference

Frontier Laboratories Ltd. co-organized an international symposium,
“PYROASIA 2025,” held at Pattaya in Thailand. At this laboratory, Prof.
Kumagai was involved as an international cochair and contributed
significantly to the management of the conference.
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Fig. 5 Distinguished Researcher Award
Ceremony for Prof. Yoshioka
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