Transformation of Microcrystalline Cellulose into Functional Pickering Particles via Deep Eutectic Solvent and Ultra-High-Pressure Homogenization
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Nanocelluloses are nanosized features of crystalline or fibrillar form that exert interesting intrinsic properties such as high surface area, crystallinity, wettability, and mechanical strength. Owing to their nanoscale size and good wettability, nanocelluloses can also be applied as solid interface stabilizing agents known as Pickering particles. Green chemistry-inspired solvents such as deep eutectic solvents (DES) have gained a lot of ground against organic solvents as they are inexpensive, low vapor pressure, non-flammable, chemically stable, recyclable, biodegradable, and toxicologically well-characterized. High-pressure-homogenization is a common physical process used to breakdown the cellulose structure but a process pressure above 1500 bar is rarely found in previous studies. Therefore, this work aimed to explore the potential of combined DES – ultra-high-pressure homogenization (UHPH) for transforming microcrystalline cellulose (MCC) into Pickering particles for food, nutraceutical, and drug delivery applications.
Based on preliminary results, choline chloride (ChCl) mixed with glycerol, urea, malic acid, oxalic acid, and formic acid, at a molar ratio of 1:2, 1:2, 1:2, 1:1, 1:2, respectively, were chosen for DES pretreatments, which were conducted at 90°C for 1h. Then, cellulose samples were washed by Milli-Q water three times and dialyzed for 48 hours to remove any residual DES matter. In the UHPH step, a pressure of 2500bar was applied, and all the cellulose suspensions (0.5 % w/w) were processed for a total of 20 cycles while aliquots were collected at 5, 10, and 15 cycles. The morphological changes in cellulose during UHPH were monitored through dynamic light scattering (DLS) and optical microscopy. The 20-fold UHPH processed nanocelluloses were further investigated through scanning electron microscopy, atomic force microscopy, Fourier transform infrared spectroscopy (FTIR), and X-ray diffraction. Their steady state flow behavior and dynamic rheological properties were also tested. Moreover, we assessed the ability of the obtained nanocellulose samples to stabilize o/w Pickering emulsions. 

DLS and microscopic assessments demonstrated a significant decrease in cellulose particle size with an increasing number of processing cycles. The ChCl-glycerol and ChCl-urea groups exhibited thinner cellulose fibers compared to the other groups, indicating their high cellulose-swelling efficiency during pretreatment. After the deep eutectic solvent (DES) pretreatments, the crystallinity of cellulose increased, which might be related to the reduction of the amorphous regions. However, after UHPH, the crystallinity decreased, as the high pressure effectively disrupted the crystalline regions of cellulose. In addition, we found that cellulose suspensions in the ChCl-glycerol, ChCl-urea, and ChCl-formic acid groups were more viscous, with rheological behavior resembling cellulose nanofibrils. In contrast, the other two groups exhibited behavior closer to cellulose nanocrystals, likely due to organic acid hydrolysis resulting in shorter cellulose particles. In the emulsion case study, all cellulose samples with DES pretreatments and ( 10 cycles, showed an excellent performance in stabilizing emulsions, as no phase separation was observed after two months of storage at ambient temperature. Thus, we conclude that the combination of DES and UHPH is an efficient strategy to produce nanocellulose Pickering particles.
