Multifunctional and multimodal 4D printing

Defining 4D printing (4DP) in terms of material functionality rather than purely time-
dependent shape transformation allows for a broader interpretation of the concept. This shift
enables the integration of diverse stimuli-responsive behaviors—beyond shape change—into
engineered systems, introducing adaptability, autonomy, and novel functions.

Two main strategies are being pursued to achieve multifunctionality in 3D printing: the first
focuses on multi-material deposition on the macroscopic scale, while the second exploits the
incorporation of micro- and nanoscale structures, leveraging advances in nanotechnology.

On the other hand, multimodality in 4D printing refers to the integration of multiple,
independently or synergistically activated responses within a single printed structure. It
enables complex, adaptive behaviors triggered by different external stimuli (e.g., heat, light,
magnetic or electric fields).

In this presentation | will show two strategies to introduce multifunctionality and
multimodality in VAT-based 4D printing.

As a first example, | will present a photocurable nanocomposite resin based on PEGDA,
incorporating magnetite nanoparticles (FesO4 NPs) and silver nitrate (AgNQs), the latter used
as a precursor for in-situ generation of silver nanoparticles. These fillers provide distinct, yet
potentially synergistic functions: magnetic responsiveness for actuation or locomotion, and
electrical conductivity and/or antimicrobial behavior. The resulting material platform allows
for the creation of soft, responsive, and multifunctional devices such as magneto-electric
actuators and localized antibacterial systems.

In the second example, | will present a hybrid magnetic device—combining a coaxial coil
within a nested Halbach array—integrated into a DLP 3D printer to enable spatially resolved
magnetic field control. This system enables complex, multimodal responses by programming
liquid crystal elastomer resins for magnetic and thermal actuation, and by inducing electrically
conductive, vertically aligned nanostructures within printed components.



