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INTRODUCTION
Polyjet printing is a layer-by-layer manufacturing method where discrete photopolymer droplets are deposited on a build tray, leveled off by a roller and polymerized by UV light. State-of-the-art commercial polyjet printers can deposit 20 µm sized droplets of two or three different photopolymers simultaneously. This feature is particularly attractive to fabricate multi-material heterogeneous architectures obtained by controlling both the location and the amount of printed droplets. Polyjet printing allows combining dissimilar building blocks such as soft/tough and stiff/brittle polymers in a countless variety of spatial arrangements to obtain composites with properties higher than the individual constituents [1]. Such composites possess numerous interfaces between antagonist materials, whose mechanical properties are rather unexplored.
METHODS
[bookmark: _GoBack]Here, we analyzed the mechanical properties of interfaces in composites fabricated by polyjet polymer printing (Objet260, Stratasys). We manufactured cubic bimaterial samples made up of two highly dissimilar materials: a stiff glassy polymer (Young’s modulus of about 2.5 GPa) and a soft rubbery polymer (Young’s modulus of 0.5 MPa). Considering the layer-by-layer nature of 3D printing, interfaces between different photopolymers can be formed either before or after UV curing. In the first case, droplets of the two photopolymers are jetted simultaneously within the same layer and come into contact before polymerization. In the second scenario, different droplets are deposited in sub-sequential layers; therefore, the second droplet lays on a partially polymerized layer of the first polymer. We measured the corresponding spatial variations in mechanical properties across the interfaces at the micrometer level in the two settings using nanoindentation (TI 950 TriboIndenter, Bruker). Prior to indentation, samples were cut with a cryomicrotome to flatten the surface. A nanoindentation protocol was developed to characterize materials with three orders of magnitude variation in elastic properties. When indenting into soft materials, there are additional challenges to be considered, such as adhesion effects and surface detection [2]. We used a displacement controlled manual nanoindentation protocol to capture the full interaction between the probe (conospherical tip with 5 µm radius) and the sample. Briefly, the nanoindentation measurement started 2.5 µm above the sample surface, the tip was then displaced into the sample at a speed of 100 nm/s for a peak displacement of 1 µm. After a holding time of 20 second, the tip was withdrawn again at 100 nm/s. Such procedure allowed measuring the jump-to-contact point and the pull-off force. We performed several indents across the interface with a spacing of 20 µm between indents spanning a total length of about 350-400 µm. Nanoindenation data were analyzed to extract the reduced modulus both using the standard Oliver-Pharr method as well as a proper adhesion model. Here we followed the Johnson-Kendall-Roberts theory of elastic contact, referred to as nano-JKR method [3].
RESULTS AND DISCUSSION
Our nanoindentation analysis indicated that interfaces formed after curing have a very sharp transition in mechanical properties. The reduced modulus decreased from around 2.2 GPa to 0.49 MPa across a region having thickness of about 20 µm, which is comparable to droplet size. Considering the interface formed before curing, the reduced modulus varied from 2.9 GPa to 0.84 MPa over an interface thickness of about 150 µm. Taken together our results suggest that, depending on the printing mode, blending of the two materials at the interface can occurs over a length scale much bigger than the droplet size due to diffusion effects before UV curing.
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