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Abstract: Supercapacitors must achieve both high energy density and high power density to
meet the power supply demands of wearable and portable electronic devices as well as
microelectromechanical systems. Maintaining fast ion transport kinetics under high active-
material mass loadings (>10 mg/cm?®) remains a central challenge in the fabrication of thick
electrodes. Direct ink writing (DIW), a three-dimensional printing technique, enables the
precise construction of vertically aligned, low-tortuosity channels and hierarchical porous
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structures, offering an effective route to alleviate ion transport limitations in thick electrodes.
Given the complexity of ink rheology and the multifield coupling involved in DIW processes,
data-driven approaches integrating machine learning provide efficient support for ink
screening and electrode structure optimization. This review systematically outlines recent
progress in DIW technology for supercapacitor applications. It elaborates on the rheological
requirements and shear-induced orientation mechanisms of high-concentration capacitive inks
based on MXene, graphene, and related materials. The application of machine learning to
establish quantitative "process-structure-performance" correlations and to enable the inverse
design of electrode topologies is also discussed. The technical advantages of 3D printing in
constructing ultrathick electrodes, suppressing restacking of two-dimensional materials, and
fabricating high-aspect-ratio microsupercapacitors are analyzed. Finally, current challenges in
this field, including manufacturing precision, data standardization, and integration of
multimaterial interfaces, are summarized, and the paradigm shift from experience-driven
development to data-driven intelligent manufacturing is highlighted.
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Data-driven ink design and multi-scale structural engineering via DIW. (a) (c) Schematic illustration of

the preparation of high-performance inks based on NTO nanowires and electrochemically exfoliated graphene
(EG), and the layer-by-layer printing of MSCs®"; (b) Rheological criteria for printable inks: shear-thinning
viscosity profiles(left) and stress dependence of viscoelastic moduli (G’, G")(right)®; (d) Serpentine flexible
architectures constructed via path planning and shear-induced directional microchannels®
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