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A microstructure refined to the nanometer scale improves mechanical strength. Furthermore, in the case of
carbon dispersions in metals, possible reinforcing effects can be combined with specific properties of carbon
phases, such as self-lubricating properties for nanodiamond and graphite [1,2]. High-energy milling is a
powder metallurgy process extensively employed to produce nanostructured materials as well as fine particle
dispersions in metallic matrices [3]. Nevertheless, continued milling is known to induce amorphization of
graphite [4] and to some extent the same can be expected for other carbon allotropes, altering the intrinsic
properties of these phases. Furthermore, combination of carbon phases with metallic matrices at the
nanoscale represents a fundamental challenge: some metals, like copper, exhibit an intrinsically difficult
bonding with carbon phases, which may result in weak interfacial boundaries. Furthermore, the consolidation
techniques used must preserve the nanostructure in the composite materials. Suitable processing windows for
the dispersion of nanodiamond (nD) and graphite (G) in nanostructured copper by ball milling have been
previously established [5] and consolidation has been achieved by either extrusion spark plasma sintering
(SPS) [6] or hot isostatic pressing (HIP).

In the present work, the microstructure of Cu-10nD and Cu-10G composites has been characterized by
transmission electron microscopy (Fig.1). The friction coefficient of the materials has been determined with
A CSEM nanotribometer with a commercial steel ball counter body has been used to determine the friction
coefficient of the Cu-C composites (0.3-0.4). Scanning electron microscopy and atomic force microscopy
have been employed to characterize the wear tracks resulting from the previous measurements (Fig. 2). The
tracks on Cu-10nd SPS and Cu-10G HIP samples evidenced essentially abrasive wear, while the tracks on the Cu-
nD extruded material showed a significant presence of delamination (Fig. 2).
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Figure 1. Transmission electron microscopy (bright-field) images of (a) Cu-10nD composite consolidated
by SPS, (b) Cu-nD composite consolidated by hot extrusion (600 °C) and (c) Cu-10G consolidated by hot
isostatic pressing (HIP). The arrows point to the carbon particles.

Figure 2. (a) Cu-10nD composite consolidated by SPS, (b) Cu-nD composite consolidated by hot extrusion
and (c) Cu-10G consolidated by hot isostatic pressing (HIP). (1) Scanning electron microscopy (secondary
electrons), (2) magnified detail, (3) atomic force microscopy (topography).
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