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Figure 1. Pollution of plastic waste and green, degradable, and renewable cellulose-based composites. (a) Countless plastic wastes
[1]

float on the river'''. (b)People call for reducing the use of plastic bags. (c) The origin and wide applications of nanocellulose. (d)

Sustainable and green cycle of nanocellulose-based materials '™’ .
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Figure 2. Microstructures of wood and multiscale scheme of cellulose ™7 .
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Figure 3. Stick-slip mechanisms in the hydrogen-bonding interface of nanocellulose .

(a) Slipping of adjacent IR cellulose

nanocrystals along the (110) interface. (b) Evolution of interfacial hydrogen bonds during the shear slipping. (c¢) Work of traction

force during the slipping process. (d) The number of interfacial hydrogen bonds during the shear slipping.
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Figure 4. Hydrogen bonds-dominated strengthening-toughening mechanisms in materials'™’. (a) Scheme of the pullout of cellulose

molecular chains. (b) Evolution of potential energy during the slipping process. (c) Comparison of interfacial sliding between

cellulose nanocrystals and carbon nanotubes. (d) Stress-strain curves of cellulose nanopapers fabricated by cellulose nanofibrils with

different diameters.
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Figure 5. Interfacial constitutive relations of different shear hysteresis models. 7, represents the shear strength, 6, represents the

period of the interfacial effective constitutive relation, 7, represents the shear strength, and A is relative displacement. (a) Interfacial

constitutive relation of linear elastic shear-lag model. (b) Interface constitutive relation of elastic-plastic shear-lag model. (c)

Interface constitutive relation of Dugdale model. ( d) Interface constitutive relation of linear shear-lag model. (e) Interfacial

constitutive relation of linear elastic shear-lag model. (f)Profile of the effective interface constitutive relation within one period '™’
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Figure 6. Deformation-mode phase diagram of laminated nanocomposites under different length scales and interfacial mode
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Figure 7. Multiscale fracture mechanical model of cellulose nanopaper™'. (a) Interfacial interaction of hydrogen bonds. (b)

Interfacial shear interaction of hydrogen bonds. (c) Pullout of cellulose nanofibrils and the associated hydrogen-bonding behavior.

(d) Crack-bridging model of cellulose nanopaper. (e) Distribution of bridging stress in the crack-bridging zone.
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Figure 8. Multiscale mechanical behaviors of humidity-mediated interfaces in nanocellulose

82 . . .
[82] " (a) Micromechanical mechanisms

of strengthening and toughening hierarchical nanocellulose via humidity-mediated interfaces. (b) CNC-water-CNC bridging hydrogen
bonds. (c) Strain hardening found in tensile stress-strain curves. (c) Tensile stress-strain curves of CNC films under different

humidity values. (e) Fracture topographies of CNC films under different humidity values.
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Figure 9. Oriented nanocellulose-based fibers. (a) Super-strong and super-stiff fibers through the wet-stretching and wet-twisting of

bacterial cellulose ( BC) nanofibrils'™* .
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Figure 10. Nanocellulose-based films. (a) Nanocellulose-based transparent flexible film through hierarchical alignments at the

. 87
nanoscale and microscale!®”’

Nanocellulose with smaller diameter realizing the simultaneous improvement of strength and toughness

. (b) Oriented nanocellulose film through the mechanical traction of cross-linked network™®!. (c)

[70]

(d) Strong and tough

cellulose nanopaper fabricated by ionic liquid dispersed nanocellulose™’. (e) Large-size nanocellulose-graphite nanocomposite'®’ .
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Figure 11. Cellulose-based large-size bulk composites. (a) Densified super wood through chemical treated bulk natural wood"'.

(b) Large-size bacterial cellulose-based laminar materials"**!

wood® . (d) Mica-nanocellulose nacre-like composites[g‘”.

engineering”*’ .
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Abstract; Nanocellulose exhibits superior mechanical properties and is a renewable natural biomass
material. Nanocellulose-based sequentially architected materials are expected to become a new generation
of environment-friendly high-performance structural and functional materials leading sustainable
development. The construction of reasonable multiscale nonlinear coupling relationship between
interfacial mechanical behavior and material microstructure is pivotal to the strengthening-toughening
design of nanocellulose-based materials. Recent research progress of interfacial mechanical behavior and
design of nanocellulose-based sequentially architected materials was reviewed here. The interfacial
hydrogen-bonding behavior, multiscale interfacial mechanics, and some design cases of interfaces and
microstructures were discussed. At last, the summary and perspective of key points in this field were
given. This paper would aim to provide new perspectives for the design and preparation of high-
performance nanocellulose-based sequentially architected materials based on micro-nano mechanics and
multiscale mechanics.

Keywords: nanocellulose; multiscale mechanics; hydrogen bonds; interface; ordered microstructure;

material design
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