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Abstract
Additive manufacturing, specifically 4D-printing,
of cellulose nanocrystals (CNCs) is continuing to
gain interest. CNC thermoplastic nanocomposites
have been demonstrated as a water responsive,
mechanically adaptive material that have the
capability of being printed with fused filament
fabrication (FFF). In this study, a 10wt% CNC
thermoplastic polyurethane (TPU) nanocomposite
filament is printed using FFF. A processing window
for the nanocomposite was established to
highlight the effects of thermal energy input on Flow Chart depicting concept of 4D-prinitng, specifically for

R . S CNCs. CNCs can form a percolating network within a

printed part meCh?nlcaI adaptivity in its dry and thermoplastic matrix and then disassociate when immersed
wet state. Increasing temperatures and slower | ;. ater. jacob Fallon helped with this figure.
speeds within the processing window resulted in
thermal energies that induce significant
degradation of the CNC/TPU network and reduced storage moduli values for both the dry and wet state.
However, the mechanical adaptation persisted for all the printed samples. Additional research is being
conducted to determine the effect thermal degradation has on the rheology of the nanocomposite. From
preliminary rotational rheometry experiments, it was determined that shear storage moduli and complex
viscosity were increasing at the printing temperatures, indicating potential changes in chemical structure.
Further potential changes were highlighted with FTIR-ATR. The wavenumbers corresponding with specific
bonds related to crosslinking were evident for pieces of nanocomposite filament aged at the respective
printing temperatures. These results illustrate significant promise for CNC/TPU nanocomposites in 4D-
printed, shape adaptable structures and gives preliminary insight into the kinetics of thermal degradation.
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