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Mechanical refining, an established technique widely used in the pulp and paper industry, has recently received significant attention from industries due to its potentials as a promising process for pretreated lignocellulosic biomass. Several studies have been reported about the effects of mechanical refining on the subsequent enzymatic hydrolysis, such as increased yield of carbohydrate conversion, reduced dosage of cellulolytic enzymes to get target yields, and reduced pretreatment severity that make fermentation or catalytic upgrading more effective. In addition, it is commercially proven technology at process flows of ~1,500 dry tons/day of biomass. The details about how refining affects the enzymatic hydrolysis, however, have not been fully elucidated so far. In this study, the changes after mechanical refining of pretreated biomass were investigated by using various tools with different observation scales. Water retention value (WRV) of unrefined and refined samples, which can represent the changes in surface area and pore volume of the biomass, showed close correlations with increased yields of carbohydrate conversion. Optical microscopy and fiber quality analysis (FQA) can also support this observation. TEM provided the evidence of structural changes in nano scale, including delamination of cell wall and external fibrillation. It was also expected that the refining process will affect the molecular structure of pretreated biomass, such as crystallinity of celluloses. XRD solid-state NMR, and SFG spectroscopies were carried out to observe alterations in molecular-scale level, but no change in cellulose crystallinity was observed by those tools. Based on the results, the effect of refining on enzymatic hydrolysis seems to be mainly from the structural modification from the nano to the micron level. More details about this observation with varying factors in conversion yields, like type of pretreatment, refining severity, enzymatic hydrolysis condition, will be discussed.
