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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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Production of BTX via High-Pressure Catalytic
Hydropyrolysis of Lignin Using HZSM-5 Zeolites

Pyrolysis is considered a promising method for polymer characterization
(in the field of analytical pyrolysis) and chemical feedstock recovery
from polymeric wastes (in the area of applied pyrolysis) because it can
decompose any polymeric material into smaller molecules by applying
heat alone in an inert atmosphere. Pyrolysis-gas chromatography (Py-
GC) involves pyrolyzing polymeric materials in a micropyrolyzer and a
subsequent direct GC analysis of pyrolyzates. Py-GC has immense
potential for applications in the fields of analytical and applied pyrolysis,
as it allows for rapid and accurate analysis of pyrolyzates. This is
beneficial for elucidating the microstructure and composition of
polymers and for rapid screening of pyrolysis conditions for designing
feedstock-recycling processes.

This year, we employed a developed system, high-pressure tandem
micro-reactor-GC/MS (High-Pressure TR-GC/MS; Fig. 1) for a high-
throughput investigation of high-pressure catalytic reactions at desired
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Fig. 1 Schematic illustration of high-pressure tandem reactor interfaced
with gas chromatography/mass spectrometry (GC/MS) system.
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[4] Atsushi Watanabe, “Analysis of microplastics in airborne
particulate matter using pyrolysis-GC/MS”, The 20th China
Symposium on Analytical and Applied Pyrolysis (2023/11/18)
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Fig. 2 Products distribution obtained by high-pressure
catalytic hydropyrolysis of lignin.
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conditions. We revealed that benzene, toluene, and xylene (BTX)
production from lignin was enhanced by high-pressure hydropyrolysis
in the presence of an HZSM-5 catalyst (Fig. 2). This work was published
in Chemical Engineering Journal (Impact Factor 15.1), and the paper
was published by the collaboration with Prof. Young-Min Kim (Daegu
University, Korea), Dr. Chuan Ma (Chongqing University, China), and
Yoshioka Laboratory in GSES.

Co-organizing PYROASIA2023 conference

Frontier Laboratories Ltd. co-organized an international symposium,
“PYROASIA Symposium 2023,” held at Kuala Lumpur in Malaysia.
From this laboratory, Prof. Yoshioka and Assoc. Prof. Kumagai were
involved as International Advisory Members and strongly contributed to
the management of the conference.

Privilege of Presenting Research Activities in
Scientific Conferences and Events

We had the privilege of presenting about pyrolysis-gas chromatography
(Py-GC) in analytical and applied pyrolysis fields in analytical
chemistry-related scientific conferences and events. These excellent
opportunities showcased this laboratory’s high activity and emphasized
the future potential of Py-GC techniques.
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Fig. 3 Logo of the PYROASIA Symposium 2023
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