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The lifetime of tools in a given cutting operation is related to the adhesion of the

coating to the substrate. Adhesion is commonly enhanced by the use of gaseous

plasma to preclean the substrate and present a surface free of oxides for the growth

of the coating. Metal plasmas produce a shallow implantation of metal into the

substrate which enhances wettability during nucleation of coatings of the same

material.

The effects of metal ion implantation on the depth and chemistry of the interface and

the microstructure of the surface are studied in a wider range than available from

conventional metal ion sources.

In this experiment tungsten carbide (WC), high speed steel and stainless steel were

treated in the environment of a High Power Impulse Magnetron Sputtering plasma.

The plasma chemistry was evaluated quantitatively by a combination of optical

emission spectroscopy and plasma-sampling energy-resolved mass spectroscopy.

Ion-to-neutral ratios were obtained from ion flux and deposition rate measurements.

The results indicated that rarefaction of metal species may take place.

The plasma diagnostics results were used as input to modelling calculations of

penetration depth and chemistry near the substrate surface. Metal ions were found to

penetrate approximately 4 nm into WC. The maximum implanted content of metal was

found to increase as plasma became metal ion dominated and the metal ionisation

degree increased.

Surface roughness of polished substrates increased due to the pretreatment as

observed by atomic force microscopy, whereas as-received surfaces showed

negligible differences. The etching removed preferentially smaller grains leaving

behind a stronger substrate. Grain boundaries were preferentially etched and

wavinesswas used to quantify the effect.

The mechanisms linking the plasma chemistry, surface chemistry and the adhesion of

the coatings are discussed in view of improving adhesion.
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