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Polybenzoxazines: The most versatile new class of thermoplastic/
thermoset crossover molecules that has a great potential for energy 
applications

Interest in polybenzoxazines has been expanding at an explosive rate in the past several years due to the unusual properties 
these materials possess.  They include near zero shrinkage upon polymerization, extremely rich molecular design flexibility, 
one of the highest char yield among processible polymers, self-extinguishing, and excellent electrical properties.  This class 
of polymers has been commercialized as one of very few in the past 30 years.  In addition to monomeric precursors, a new 
concept was developed recently where oxazine ring is incorporated in the main chain either as macromonomer, telechelic or 
high molecular weight polymer.  These main-chain or side-chain polymers can be processed like a thermoplastic polymer, 
with the advantages of crosslinked thermosetting resins. This thermoplastic/ thermosetting crossover molecule concept adds 
further tremendous molecular design flexibility into the already rich ability of benzoxazine chemistry to tailor the 
properties.  The lecture summarizes historical development of benzoxazines and introduces new advanced applications 
based on more recent development, including low temperature polymerizing resins, high functional aerogels, and materials 
for aerospace and energy applications. 

Professor Ishida has pioneered in the molecular characterization of composite interfaces. His activity extends to synthesis, 
surface vibrational spectroscopy, and rheology and processing of composite materials.  He has also pioneered in the 
development of new, very versatile polymers called polybenzoxazines.  Professor Ishida received the following awards 
among others: The Global Salute to Polymers Award (The American Chemical Society). The Alexander von Humboldt 
Award for Senior Scientist, Humboldt Foundation, Germany, Oct. (1999); Eminent Scientist, Institute for Physical and 
Chemical Sciences (RIKEN:Japan); Award for Excellence in Adhesion Research, The Society of Adhesion; The 
International Research Award, Society of Plastic Engineers (SPE).  He is both SAMPE Fellow and SPE Fellow. He has 
been the coordinator for establishing a graduate college in polymers and petrochemistry at Chulalongkorn University, 
Bangkok, Thailand, in the past 20 years. He has 11 edited and translated books, 40 disclosures and patents, and over 440 
papers to his credit.  His H-index is 54 with total citation of more than 11000.  He is a member of the editorial board of 
“The Journal of Adhesion,” “Journal of Nanostructured Polymers and Nanocomposites,” “Polymers” “Journal of Materials,” 
“International Research Journal of Pure and Applied Chemistry,” and “Recent Patents on Materials Science,” and 
Editor-in-Chief of "Composite Interfaces," and Associate Editor of Polymers and Polymer Composites. 
 


