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oReport summary (English)

Principal investigator: Hokkaido University, Associate Professor, Kiyotaka Nakajima

R & D title: A new route for environmentally benign and highly efficient production of
dicarboxylic acids and diols from biomass-derived carbohydrates using heterogeneous
catalysts

1. Purpose of R & D

The purpose of this project is to develop efficient and scalable processes for the production of
dicarboxylic acids and diols that can be used as building blocks for 100% biobased and highly
value-added polyesters. The biobased polyesters consisting of a furan-based building block will have
“high physical strength and thermal resistance”, while the introduction of aliphatic and long-chained
moiety in the biopolyesters will afford unique flexibility. We identified two furan-based derivatives,
furan 2,5-dicarboxylic acid (FDCA) and bis(hydroxymethyl)furan (BHMF) as promising building
blocks for highly functional biopolyesters. These furans can be synthesized from glucose, most
abundant and easily accessible carbohydrate obtained from cellulosic biomass by acid-catalyzed
dehydration and subsequent oxidation or hydrogenation. We also investigated direct hydrogenation
of aliphatic, long-chained, and biomass-derived dicarboxylic acids for the production of flexible
units (diols) in the biopolyesters.
FDCA has been widely recognized as a suitable replacement for petroleum-derived terephthalic acid
for polymer applications. FDCA and its methyl ester with bio-based ethylene glycol can be
polymerized into poly(ethylene 2,5-furandicarboxylate) (PEF) as an alternative to poly(ethylene
terephthalate) (PET). Owing to its low permeability for gases compared to PET, PEF is expected to
play a key role for the large-scale production of completely bio-based and value-added plastics. If
terephthalate-based polyesters (PET and PBT) can be fully replaced with the resulting biopolyesters,
the technologies developed in this project contribute greatly to the reduction of CO; emission in
terms of average production volume of PET (ca. 15 million tons) and its annual growth rate (6.9%).

2. Outline of R & D

(1) Contents:

Hokkaido University (HU) group studied the conversion of glucose to FDCA and its carboxylates
via HMF acetal with 1,3-propanediol. Mitsubishi chemical corporation (MCC) group focused on
direct hydrogenation of the HMF acetal and biomass-derived dicarboxylic acids to corresponding
diols.

(2) Achievements:

HU and MCC revealed that protection of formyl moiety in HMF with six-membered ring acetal
using 1,3-propanediol (Propanediol HMF acetal, PD-HMF) suppresses side-reactions observed in
pure HMF and concentrated HMF solutions. This improvement is highly beneficial for concentrated
reaction system and HU developed new strategies for the conversion of PD-HMF to FDCA and its
carboxylates over supported Au catalyst at commercially relevant concentrations (10~20 wt%).
MCC developed a novel Re-based catalyst with high selectivity, durability, and wide applicability in
various organic solvents for direct hydrogenation of biomass-derived dicarboxylic acids to
corresponding diols. This catalyst overcame main issues of current commercialized process using
Ru/Pt/Sn/C catalyst: the use of noble metal (Pt) in large quantity and serious damage of the reactor
by acidic reactants at high temperatures.

(3) Future developments:

HU and MCC will continue developing more environmentally benign and cost-effective processes
for FDCA production compared to the current state of the art. The use of highly sophisticated
heterogeneous catalysts in all elementary reactions and zeolite membrane-assisted reactive
separation technology can leads to the development of industrially relevant reaction systems using
concentrated reaction solutions. MCC will continue the feasibility study of the Re catalyst and
evaluate its suitability for the hydrogenation of dicarboxylic acids in an industrial scale.



