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Depolymerization of lignocellulosic biomass by mechanochemical reaction
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Direct depolymerization of crystalline cellulose into water-soluble sugars by
solvent-free ball milling was examined in the presence of a strongly acidic layered metal oxide, HNbMoO6,
resulting in full conversion with 72% yields of water-soluble sugars. Measurements by 13C magic angle
spinning nuclear magnetic resonance spectroscopy and x-ray diffraction revealed that amorphization of
cellulose rapidly occurred, which did not affect the results of depolymerization. Scanning electron
microscopy equipped with an energy dispersive x-ray indicated that the substrate and the catalyst were
well mixed within 10 min with the catalyst becoming embedded in cellulose particles during milling.
Time-course of product distribution showed that most of the resultant water-soluble sugars were produced
not via successive degradation of oligosaccharides but via direct depolymerization of cellulose long
chains. The products included glucose, mannose and cello-oligomers as well as anhydrosugars.
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