
ABSTRACT
The necessity of higher quality tools, due to the increasing competitivity in the machining industry, and in general the need of materials with improved wear resistance, places the hard metal sector in continuous technical renovation. The important improvement of hardness, strength and wear resistance obtained in ultrafine WC-Co grades, as well as the extraordinary properties of nanomaterials, has focused the cemented carbides research in obtaining nanocrystalline powders, and in the development of bulk nanostructured cemented carbides, which remains a technological challenge.

In this context, the aim of present research is to contribute on the knowledge of the behaviour sintering of ultrafine and nanocrystalline WC-Co mixtures, and to explore the possibilities of microstructural control that allow manufacturing dense cemented carbides with grain size close to the nanometer scale. Furthermore, the effect of the microstructural refinement in the mechanical behaviour of sintered materials is evaluated. Moreover, due to the poor supply and the high cost of these powders in the market, the fabrication of ultrafine and nanocrystaline WC-Co mixtures by planetary milling is studied. This allows analysing the effect of the powder production method on their densification, microstructural development and final mechanical properties.

The results obtained show the problems of the powders fabricated by milling, due to their decarburation, and their fast kinetics of grain growth. Furthermore, the advantages of using nanocrystalline powders, versus the ultrafine ones, on improving the densification and capability of microstructural control, have been demonstrated, allowing a significant increase in the hardness of the sintered samples.  

The main contribution of the research is the combined use of additives inhibitors and pressure assisted sintering techniques that allow increasing the densification at lower sintering temperature and shorter holding times, thus limiting the grain growth. WC-CoVC / Cr3C2 cemented carbides near fully dense is obtained by SPS and HIP in solid phase at 1100 ºC. The addition of inhibitors, especially VC, is demonstrated to be an efficient method for controlling the grain growth in the solid state, even by rapid sintering processes. The combination of addition of VC and HIP sintering at low temperature has allowed manufacturing near nanostructured materials (120 nm), with an excellent combination of properties, with hardness about 2100 HV30 and fracture toughness values greater than 10 MPa·m1/2. These properties place these materials among the most outstanding cemented carbides of those reported in literature.
