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oReport summary (English)

Principal investigator: Professor Kenji Takahashi, Kanazawa University
R & D title: Study on lignocellulose refinery using ionic liquid

1. Purpose of R & D

This research is aimed at developing technologies for biorefinery of lignocellulosic biomass into
bio-fuels and bio-chemicals. In this study, a novel and practical method was developed on ionic liquid
(IL)-assisted pretreatment for the saccharification of lignocellulosic biomass. The properties were
characterized as for the saccharification residue lignin as well as the mixed sugar obtained after
saccharification of IL-pretreated biomass, to evaluate their availability for subsequent microbial and
chemical conversions. This research expected that the IL-assisted pretreatment and subsequent
enzymatic saccharification could provide the “high concentration of fermentable mixed sugars without
inhibitory byproduct” and “saccharification residue lignin with less-condensed structures” which
cannot be obtained in the cases of the conventional pretreatment methods. The scaling up was also
conducted as for this IL-assisted pretreatment the process.

2. Outline of R & D

(1) Contents:

The IL candidate was screened among the ILs with cholinium cation, which is suitable for
biomass pretreatment, less toxic, and inexpensive were selected. Biomass pretreatment with the
minimum IL amount was carried out by mixing and impregnating the biomass with the IL aqueous
solution, then heating for 21 h along with the water evaporation. The pretreatment biomass was
subjected to enzymatic saccharification and subsequent separated into a mixed sugar solution and a
saccharification residue. The sugar solution was subjected to the ethanol co-fermentation test using a
recombinant yeast. The saccharified residue lignin was subjected to the lignin monomer conversion
test by alkaline nitrobenzene oxidation, the lignin oligomer fractionation test by solvent extraction,
and the thermoplastic synthesis test by acetylation of hydroxyl groups. The obtained results were
compared between the case using IL and the case using the conventional chemicals (dilute sulfuric
acid or alkali). Finally, the IL-assisted pretreatment of bagasse was scaled up to a pilot scale of 2 kg
from a laboratory scale of 10 g.

(2) Achievements:

Choline acetate was selected as less toxic and inexpensive ionic liquid suitable for pretreatment
in this study. Bagasse could be pretreated within 21 h employing the IL/biomass weight ratio of 1.5
g/g at 110°C and atmospheric pressure. The following results were obtained in the case using IL,
compared with the cases using the dilute sulfuric acid or the alkali. The less degradation of
hemicellulose in the pretreated biomass; the remarkably higher values of cellulose/hemicellulose
saccharification percentages and glucose/xylose concentrations; the higher yield of lignin monomer
(vanillin and syringaldehyde); the lignin oligomer with the higher yield, the lower molecular weight
and the higher hydroxyl equivalent. In the scaled-up test, 95% of the choline acetate could be recovered
after the pretreatment. The pretreatment bagasse showed almost 100% enzymatic saccharification of
cellulose and hemicellulose.

(3) Future developments:

Choline acetate, selected as a low-priced IL, had satisfactory capability of biomass pretreatment,
surpassing existing methods with dilute sulfuric acid or alkali. However, even if 99% of choline acetate
could be recovered & reused, the cost of 1% of the loss was not economically worth in bio-fuel and
bio-chemical production. Therefore, it is expected that "ionic liquid-like compound" (allowing the
crude mixtures containing impurities) will be produced from waste that is currently being disposed at
a high cost, and that the compound can exhibit the same pretreatment effect as ionic liquids.



