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Swetaparna Mohanty1, Carmine Taglienti1, Wanting Xie1,2, Victor K. Champagne3, and Jae-Hwang Lee1
1. Department of Mechanical and Industrial Engineering, University of Massachusetts, Amherst, Massachusetts 01002, USA.

2. Department of Physics, University of Massachusetts, Amherst, Massachusetts 01002, USA.

3. United States Army Research Laboratory, Aberdeen Proving Ground, Maryland 21005, USA.

Supersonic particle deposition, or cold spray, is a deposition process of solid feedstock powders, employed in additive manufacturing processes to fabricate parts and structures with melting temperatures below the powder’s. In this process, a supersonic stream of microparticles are accelerated and subjected to microscopic collisions with a target substrate. At these high speeds, the kinetic energy of the particles leads to extreme plastic deformation at the interfaces of both the microparticle and the target substrate, which eventually enables solid-state consolidation/adhesion. Study of impact dynamics, bonding mechanism and critical velocities help us in understanding the cold spray process in a better way. It has been generally understood that the oxide layer plays a significant role in the bonding process of a metallic particle to a metallic surface. This oxide surface acts as a barrier preventing the formation of a metallic bond between the particle and the substrate. Thus, bonding is considered to be governed by the ability of the collision to remove this oxide barrier and expose the pure metals to each other for metallurgical bonding. 
In this study, as a model system, on an, aluminum 6061 substrate with three different thicknesses (5, 15, 25 nm) of aluminum oxide layers was prepared using atomic layer deposition. The dynamic behavior of the single microparticles was quantified by using a micro-ballistic method: advanced laser induced projectile impact test (α-LIPIT). In the α-LIPIT experiments, aluminum 6061 microparticles (~ 20 µm diameter) were accelerated to controlled high speeds (50 – 1,100 m/s) and impacted with the substrate. Rebound speeds after impact/collision and coefficients of restitution were precisely quantified using an ultrafast microscopic imaging technique. Moreover, critical velocities of different oxide thicknesses were measured. With the increase in the surface oxide thickness, the rebound velocities were found to increase. The cross-sectional images from focused ion beam milling showed that the thicker oxide acted as a barrier especially near the collision center. Furthermore, the regions of bonding were found towards the edges of the collision region, supporting the idea that the oxide is more easily moved out of the way to expose the pure metals for bonding from the regions closest to the edge. Effects of surface oxidization in the adhesion mechanism can help to better understand and optimize the cold spray process.
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