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Abstract

The rapidly evolving field of 2-dimensional materials continues to highlight new avenues of fundamental
and applied research across numerous disciplines. At Boise State University, recent advances in the
synthesis of 2-dimensional (2D) materials-based inks and thin films have increased the design space for
2D-enabled flexible hybrid electronic (FHE) market and wearable healthcare applications. This talk
provides an overview of recent developments in 2D and layered nanomaterial inks for different materials
printing platforms, including graphene, transition metal dichalcogenides (TMDs), thermoelectrics, and
MXene-based inks for a variety of additive electronics manufacturing applications. We will highlight the
results of several ongoing studies on the development of inks for materials printing platforms such as
inkjet printing (IJP), aerosol jet printing (AJP), plasma jet printing (PJP) and Direct ink writing (DIW).
These tools are promising technologies for directly depositing functional 2D and layered nanomaterials.
Such printers have significant advantages over standard microfabrication techniques, including low cost,
noncontact printing, rapid prototyping, and compatibility with roll-to-roll production of electronic devices
and sensors on flexible substrates. However, formulating stable inks that can meet the various rheological
requirements of these platforms can be quite challenging. We have shown the compatibility of 2D and
layered material inks for aerosol jet deposition of thermoelectrics, achieving a power factor of 0.35 mW
m -1 . K -2 with high flexibility. We have also developed MXene inks in organic co-solvents, which show
greater stability and printability than aqueous inks for supercapacitor applications. Integration of printed
MZXenes with gold current collectors results in high areal capacitance of 39mF.cm -2 for AJP deposited
supercapacitors. Additionally, deposition of graphene, TMDs, and other 2D materials is opening up
new low-cost sensors for water purity monitoring, photodetection, and more. Combined, our results help
advance a fundamental understanding of the structure-property-processing correlations of 2D and layered
material devices printed via materials printing platforms.



