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Strategic International Collaborative Research Program (SICORP)
Japan—Thai, Philippines Joint Research Program
Executive Summary of Final Report

1. Project title : [Development of New Functional Polymers from Plant Oils by Efficient
Catalytic Carbon-Carbon Bond Formation, Post-Modifications |
2. Research period : April 2020 ~ March 2023

3. Main participants :

Japan-side
Name Title Affiliation Role in the research
project
Pl Kotohiro Nomura  |Professor Tokyo Metropolitan | Polymer, monomer
University synthesis; Catalyst
development
Collaborator |Abdellatif Mohamed|Associate Tokyo Metropolitan | Polymer synthesis
Mehawed Professor University
Collaborator (Go Lance O'Hari P. |Ph.D. student [Tokyo Metropolitan | Polymer synthesis
University
Total number of participants throughout the research period: 17
Thai-side
Name Title Affiliation Role in the research
project
Pl Boonyarach Professor  |Chulalongkorn | Catalyst
Kitiyanan University development,
transesterification
Collaborator Nisanart Professor  |Chulalongkorn | Polymer applications
Traiphol University
Co-PI Rakchart Associate  [Mahidol Polymer applications
Traiphol Professor  |University
Collaborator Panuwat Assistant Chulalongkorn | Monomer synthesis,
Padungros Professor  |University catalyst development
Collaborator Orathai Lecturer Chulalongkorn | Polymer applications
Boondamnoen University
Collaborator Palawat Post-doctoralChulalongkorn | Catalyst
Unruean researcher |University development,
transesterification
Total number of participants throughout the research period: 8

Philippines -side
Name Title Affiliation Role in the research project
PI* Gilbert U. Yu* Assistant IAteneo de Manila| Monomer, polymer
Professor University synthesis; film fabrication
Pl lan Ken Dimzon IAssosiate IAteneo de Manila| Film fabrication; metal
Professor University sequestration studies
Collaborator Amyel Joseph PefiaResearcher |Ateneo de Monomer, polymer
Baldovino** Manila University| synthesis; film fabrication
Collaborator [Keith Marcx Researcher |Ateneo de Monomer, polymer
Gungon Manila University| synthesis; film fabrication
Collaborator Philip Gabriel M. Researcher |Ateneo de Film fabrication; metal
Opao Manila University] sequestration studies
Collaborator Ramon Galvan Researcher |Ateneo de Film fabrication; metal
Manila University| sequestration studies

year)

Total number of participants throughout the research period: 8 (*2020, **2020 and 2022
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4. Summary of the international joint research

This international cooperative research project aims to develop new recyclable
functional polymers (biobased polyesters) from non-edible plant oils by precise
polymerization technique in the presence of catalysts. The core technology is the olefin
metathesis polymerization through efficient carbon-carbon bond formations using the
original catalysis technology developed by groups of lead PI in Japan. The project also
aims to develop new efficient green catalytic process for synthesis of monomers from
plant oils (triglycerides). The materials should be applicable not only to ordinary
packaging and fibers, but also to sensors and water purification by trapping heavy metals
(subject in this project). The efforts should provide new materials, draw insights to
establish green sustainable society, and shall contribute to circular economy.

5. Outcomes of the international joint research
5-1 Scientific outputs and implemented activities of the joint research

Developments of catalysis methods for (i) synthesis of high molecular weight biobased
polyesters (compared to those prepared by conventional method), which exhibit excellent
film properties (tensile strength, elongation at break) by olefin metathesis polymerization
of monomers (nonconjugated dienes derived from plant oil and glucose), and (ii)
subsequent one-pot hydrogenation method under mild conditions have been achieved.
The resultant polymers demonstrated a possibility to apply the sensing materials by
making polymer composite with diacetylene polymer, and to water mediation membrane
by preparation of composite film with chitosan through trapping heavy metals from
wastewater. Moreover, a calcium oxide catalyst is proven to be effective for base-free
transesterification of vegetable oils (triglycerides, synthesis of fatty acid esters). It was
demonstrated that the CaO catalyst can be applied to the synthesis of monomers and
fine chemicals from fatty acid esters and depolymerization of polyesters by reaction with
alcohol. Homogeneous titanium complex catalyst also exhibits superior catalyst
performance for transesterification of aliphatic unsaturated acid esters and quantitative
depolymerization of polyesters.

5-2 Synergistic effects of the joint research

Through this international collaboration project, we developed the catalysis methods
not only for alcoholysis of plant oils (triglycerides), but also for transesterification of
aliphatic unsaturated acid esters (FAESs) for synthesis of monomers and fine chemicals.
Moreover, the catalyst was also effective for acid-, base-free quantitative
depolymerization of polyesters by reaction with alcohol (transesterification) under mild
conditions. The approach is very new and introduced a new concept for the catalyst
design. Moreover, development of biobased polyesters as functional materials with
sensing properties and with water mediation (trapping heavy metals such as Hg, Pb etc.)
by preparation of polymer composite films. These can be achieved by establishing this
team and importance of this international collaboration should be highly emphasized.

5-3 Scientific, industrial or societal impacts/effects of the outputs

Efforts of this joint research, especially development of high-performance catalysts for
efficient synthesis of fine chemicals from polyester and vegetable oils, were released
through JST (September 16, 2022) and the results were distributed overseas. Promising
results have been attained for the development of recyclable polymers, and the efforts
should lead to more active international exchange and many innovative results.
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1. P. Unruean, K. Nomura and B. Kitiyanan, “High conversion of CaO-catalyzed
transesterification of vegetable oils with ethanol” J. Oleo Sci., 2022, 71, 1051-1062
DOI:10.5650/jos.ess21374

2. S. Sudhakaran, S. M. A. H. Siddiki, B. Kitiyanan and K. Nomura, “CaO catalyzed
transesterification of ethyl 10-undecenoate as a model reaction for efficient
conversion of plant oils and their application to depolymerization of aliphatic
polyesters” ACS Sustainable Chem. Eng. 2022, 10, 12864-12872
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depolymerization of polyethylene terephthalate via transesterification with ethanol
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methyl-10-undecenoate  and  poly (ethylene adipate) catalyzed by
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and acid-, base-free chemical recycling of aliphatic polyesters” ACS Sustainable
Chem. Eng., 2022, 10, 12504-12509 DOI:10.1021/acssuschemeng.2c04877
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1. K. Nomura, N. W. B. Awang, “Synthesis of Bio-Based Aliphatic Polyesters from Plant Oils
by Efficient Molecular Catalysis: A Selected Survey from Recent Reports” ACS
Sustainable Chem. Eng., 2021, 9, 5486-5505. DOI:10.1021/acssuschemeng.1c00493

2. K. Nomura, N. W. B. Awang, “Synthesis of bio-based aliphatic polyesters from plant oils
by efficient molecular catalysis” Catalysis for a Sustainable Environment, Wiley, in press.
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- 11th The International Symposium on Feedstock Recycling of Polymeric Materials
(ISFR2022, Pattaya, Thailand), November 29—-December 2.
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+ Symposium on Degradable Polymers and Film Composites (Ateneo de Manila University,
Quezon) December 8 7 ¢ U B UAAMREE 23 BAME, A & & A AR 2355
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