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Construction of High-solid Water-based Polyurethanes Using Cellulose
Nanocrystals and Tungsten Disulfide Nanosheets in Synergy with
Sodium Alginate, and 3D Printing Applications
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Abstract: To address the bottlenecks of traditional waterborne polyurethane (WPU) emulsions, including
low solid content, significant drying shrinkage, and poor interlayer adhesion in 3D printing, this
study proposes a Pickering emulsion strategy. This approach utilizes cellulose nanocrystals to assist in the
exfoliation of disulfide-bonded nanosheets, which are synergistically stabilized with sodium alginate (SA).
This strategy successfully yielded a high-performance WPU emulsion with a solid content of 70 wt%,
endowing it with exceptional rheological properties, shear thinning behavior, high viscosity (1972.8 Pa-s),
and rapid thixotropic recovery. The high solid content design not only significantly suppresses moisture
migration and volume shrinkage during drying, maintaining dimensional errors of printed components
within 12%, but also promotes molecular chain diffusion and interfacial fusion between printed filaments,
achieving outstanding interlayer adhesion. Mechanical testing revealed that uniform nanoparticle
dispersion and multiple hydrogen bonding interactions endowed the WPU elastomer with remarkable
mechanical properties: tensile strength reached 45.1 MPa, while elongation at break soared to 617.8%.
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By synergizing micro-interface engineering with macroscale rheological control, this study establishes a
novel paradigm for the precision manufacturing and functional applications of high-performance WPU in

complex structures.
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Figure 1  Synthesis route for water-based polyurethane
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Figure 8 Comparison of actual dimensions (length, width and
height) of the printed matrix model before and after air drying
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Table 1 Variation in linear dimensions of printed models

Printed sample Dried sample Dimensional

(mm) (mm) fidelity (%)
Height 5.1 45 88.2
Length 315 30.7 97.5
Width 31.8 30.9 97.2
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Figure 9 Printed structure SEM images: (a) filament junction
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