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Fabrication of highly aligned and integrated cellulose nanofibers by
electrospinning
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We aimed to enhance the orientation of cellulose nanofibers (CNFs) using
electrospinning to develop tough materials. Electrospinning involves applying high voltage to eject
a polymer solution, resulting in fine fibers. We created unidirectionally oriented CNF/polyethylene
oxide (PEO) sheets from a CNF suspension mixed with PEO, a polymer with spinnability. This process
incorporated aligned CNFs into the fine fibers, enhancing the mechanical strength of the sheets.
Additionally, we fabricated highly oriented and tough CNF/poly
(3-hydroxybutyrate-co-3-hydroxyhexanoate) (PHBH) nonwoven sheets by electrospinning a Pickering
emulsion containing CNFs embedded within PHBH. Laminating these sheets through thermal pressing
Kielded transparent, high-strength films. These findings demonstrate the potential for

igh-orientation CNF technology, leading to next-generation materials surpassing wood in
performance. CNFs as part of bioplastic materials will contribute to reduced environmental impact.
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Fig. 1. Preparation of CNF-containing PHBH fibres. A CNF/water suspension and PHBH/CHCI3 solution are
homogenized to form a Pickering emulsion, in which particles are enveloped by CNFs. Images of the L-6.3
emulsion are shown. Highly aligned CNF-containing PHBH fibres are obtained via direct electrospinning of the
emulsion onto a rotating collector.
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Fig. 2. Morphological observation of electrospun CNF/PEO Fig. 3 Representative stress-strain curve of CNF-
fibers. SEM images of (a) 3%CNF/97% PEO fibers, (b) 7% incorporated fibers.

CNF/93% PEO fibers, and (c) 14% CNF/86% PEO fibers. (d)
TEM image of 14% CNF/86% fiber.
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Fig. 4. Morphological analysis. SEM images of (a,d) CNFs and (b,e) electrospun aligned sheets of CNF-
containing fibers collected at a high speed (12.6 m/s). (c,f) TEM image of a single CNF-containing fiber. (a—c)
and (d—f) show short and long CNFs, respectively.
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