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Preparation and Investigation of High-strength and Transparent
Nanocellulose Films

Leng-wan Li*, Bo Zhang, Zhi-yi Liu, Jia-yu Gong, Ya-qin Wang, Peng-Fei Cao”
(State Key Laboratory of Organic-Inorganic Composites, College of Materials Science and Engineering,
Beijing University of Chemical Technology, Beijing 100029)

Abstract In the present study, we incorporated nanocellulose-based transparent high-strength materials into
undergraduate education by designing comprehensive experiments, including the synthesis of nanocellulose,
fabrication of films, and characterization testing, providing students with practical experience in green and
sustainable polymeric materials, strengthening their understanding of innovative material design and
development, and also matching the national development policy. Cellulose nanofibers (CNFs) dispersions
were prepared through pre-oxidation experiments, followed by the fabrication of CNF films via solution
casting and hot press processing. The present study investigated the effects of NaClO content and its drop
rate on the optical and mechanical properties of CNF films. Qualitative and quantitative analyses of CNFs
were performed using infrared spectroscopy and conductometric titration, respectively. Structure
characterization and properties testing experiments were conducted using atomic force microscopes,
universal testing machines, and UV-Vis spectrophotometers. The integrated experiments including CNFs
synthesis, film processing and fabrication, characterization of nanofiber structures and investigation of the
properties. The present study combines both scientific research and practical value, which is incorporated
into the “Frontiers in Polymer Science” course offered to senior undergraduate students, helping to stimulate
students' interest in scientific research and cultivate their academic thinking and innovative abilities.

Keywords Experiments of undergraduate students; Green polymeric materials; Nanocellulose;
Transmittance; Mechanical properties
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Fig. 1 Schematic diagram of the crystalline and amorphous regions of cellulose materials and the strong hydrogen-bond network
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Fig. 3 Preparation procedure of CNFs dispersion
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Table 2 Abbreviations and their correspondences in this experiment
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Fig. 7 Morphologies of TOC and CNFs: (a) Photographs of TOC-RS and CNF-R5; (b) Photographs of TOC-R10 and CNF-R10;
AFM images of (¢) CNF-R5 and (d) CNF-R10
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Fig. 8 Tensile stress-strain curves of CNF-R films prepared at different NaClO drop rates: (a) RA CNF-RS5; (b) CA CNF-R5; (c) RA

CNF-R10; (d) CA CNF-R10
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Fig. 9 Visible transmittance and anti-yellowing behavior of CNF-R10 films prepared at different addition rates: Optical
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