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Extended Abstract

Nano-graphene (or “Graphene nanoplates (GNPs)”) has been considered as an ideal reinforcement in metal matrix
composites (MMCs) due to its unique two-dimensional characteristics. In recent years, many processes have been
developed for fabrication of GNPs-metal matrix composites including spark plasma sintering [1], selective laser melting
[2, 3], hot pressing [4], etc. However, these fabrication methods, for fabricating GNPs reinforced MMCs, mostly require
extremely high processing temperature to melt the metal binders. This in turn significantly increases the risk of phase
transformation, oxidation and thermal stress, thereby degrading the material performances. Cold spray is an emerging
deposition technique which allows for the deposition of metal alloy materials and MMCs onto substrates at a very low
temperature (well below the metal melting temperature) [5-6]. Contrary to the conventional thermal based methods, the
feedstock powders remain solid-state during the cold spray deposition process without melting both the substrate and
powder materials. Thus, usual problems like oxidation, phase transformation and thermal distortion can be avoided. In this
study, the GNPs were embedded into Inconel 718 metal deposits via high pressure cold spray technique. The
microstructure, mechanical property and tribological behaviour of the Inconel 718-GNPs composites were systemically
investigated. Through process optimization, the Inconel 718-GNPs composites could be effectively synthesized with the
incorporation of 0.15 wt.% GNPs. The GNPs were uniformly distributed within the cold sprayed composite deposits,
which were proved from microstructural observation and EDS analysis. The deposition efficiency gradually increased with
decreasing GNPs content. Following this lead, the surface roughness of the as-sprayed composite deposits was found to be
related to the addition of GNPs. The surface roughness gradually increased with increasing GNPs content and the
composite deposit surfaces had plateau-like and crater-like features due to the dislodging of the weakly bonded particles.
TEM lamellae were extracted from the composite deposits by focused ion beam milling. Through careful observation, it
was found that the interface between the GNPs and the matrix was clean and well bonded, illustrating a mechanical
bonding rather than the so-called chemical/metallurgical bonding. Besides, the TEM observations also indicated that the
GNPs acted as a buffer layer preventing extreme deformation of the Inconel 718 splats with the GNPs themselves
accommodating a significant portion of the impact energy during the cold spray deposition. Moreover, the Inconel 718-
GNPs composites provided appreciable reductions in coefficient of friction and wear rate due to several reasons. Firstly,
the GNPs worked as a solid lubricant during the wear test process, which greatly decreased abrasion of the Inconel 718
matrix. Secondly, following the initial dislodging, the GNPs distributed along the sliding direction and stacked on the wear
track surface thus forming a protective layer between the abrasive tip and the sample to prevent further wear. Thirdly, the
GNPs had an exfoliated structure, and the GNP fragments adjacent to the Inconel 718 matrix surface provided an
additional sliding effect due to separation of the GNP layers from one another. Hence, the GNPs-reinforced metal
composites could be an excellent candidate for low friction and high wear-resistance applications.
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