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Fig. 1 Orientation of cellulose molecular chains with or without chemical crosslinking under hydrogen-bond shielding.
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Fig. 2 External field-driven orientation of cross—linked cellulose molecular chains.
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Fig. 3 Functional applications of aligned regenerated cellulose materials.
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Fig. 4 Raman imaging-guided microstructural analysis and design of regenerated cellulose materials.
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Progress in Aligned Structural Regulation, Characterization, and
High-performance of Regenerated Cellulose Materials from
Alkali/Urea Aqueous System
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Abstract High-performance regenerated cellulose materials rely on the precise regulation of aggregate structures,
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particularly the long-range ordered alignment of molecular chains. However, conventional regeneration is generally
hindered by cellulose chains’ strong tendency toward disordered aggregation, making it difficult to achieve
directional assembly of microstructures. The alkali/urea aqueous system provides an ideal precursor for alignment
via dynamic inclusion complexes, enabling the low-temperature non-derivatizing dissolution of cellulose and
thereby offering an ideal homogeneous precursor for the construction of ordered structures. Recently, an “oriented
crosslinked network” strategy has been established based on this system under hydrogen-bond shielding. In this
strategy, cellulose chains remain dissolved via dynamic inclusion complexes, while intra- and intermolecular
hydrogen-bond interactions are temporarily screened. Chemical crosslinking is then used to construct a covalent
topological network, transforming the deformation mechanism from the random motion of individual chains to
the cooperative deformation of the network. Subsequently, external fields are employed to induce orientation,
followed by the permanent locking of the aligned structure via hydrogen bond reconstruction triggered by the
dissociation of inclusion complexes. This review summarizes the mechanisms by which crosslinked network
topology regulates molecular-chain conformation and discusses orientation-induction methods, including flow
fields, mechanical stretching, and microfluidic techniques. Particular emphasis is placed on how highly oriented
structures can overcome the strength—toughness trade-off and improve functional properties. In addition, recent
advances in micro-Raman imaging for in situ characterization of multiscale orientation distribution and microscopic
stress transfer are highlighted, underscoring its unique advantages in elucidating structure-property relationships.
Finally, future prospects in this field are discussed.

Keywords Cellulose; Alkali/urea system; Crosslinked network orientation; Raman imaging; High performance



