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Functionalization of (ligno)cellulose powder by atmospheric DBD treatment
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The use of biomassas afeedstock for both fuel and chemical production is a hot topic

today and various conversion technologies are being considered.In the case of

lignocellullose, a critical roadblock is the intrinsic stability of the lignocellulose

structure, making it very recalcitrant to hydrolysis or other chemical reactions.

Therefore, an appropriate pretreatment is required to enable the chemocatalytic

conversion to useful chemicals. Current pretreatment techniques, such as ball-milling,

acid pretreatment, ammonia fiber expansion, etc., all suffer from the same

disadvantages, namely high energy consumption or the use of toxic or expensive

chemicals. Therefore, dry plasma pretreatment can be a viable alternative as it does

not require the use of solvents. In this research, a dynamic DBD (dielectric barrier

discharge) process was developed for the treatment of cellullose powder. This system

is a semi-continuous powder downflow reactor in which the powder flows directly

through the plasma at atmospheric pressure. Both air/oxygen and argon/oxygen

mixtures in different ratios (100/0 – 50/50) have been tested. The power input was

varied between 150 and 450W while maintaining a frequency of 52 kHz. Results show

an enhanced solubility in water, without the use of any kind of catalyst, from 0,3% to

2% after air plasma treatment. This is due to the functionalization of the surface with

oxygen and nitrogen groups and the reduction in particle size by 25%, as confirmed

by laser diffraction spectroscopy. According to X-ray diffraction analysis, no

morphological changes are introduced on the cellulose powder, apart from the

reduction in particle size, which indicates that the plasma pretreatment predominantly

affects the chemical structure of the cellulose. The crystallinity remains approximately

equal while there might be an effect on the degree of polymerization.
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