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On the combination of plasma assisted nitriding and plasma assisted carburizing
treatments of austenitic stainless steel 
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Low temperature plasma assisted nitriding (PAN) is now a well established surface

treatment to improve the tribological properties of austenitic stainless steels. Below

420°C, a PAN treatment produces a peculiar phase usually called expanded austenite,

S phase or g

N

 phase. Expanded austenite is a metastable nitrogen supersaturated solid

solution with a disordered fcc structure and a distorted lattice. One important

consequence of the anisotropic lattice expansion is the formation of high compressive

residual stresses, resulting in plastic deformation of the treated surface for long time

treatments. The corrosion resistance at low temperature is generally good if the plastic

deformation is limited by controlling the quantity of nitrogen introduced into the layers.

However, it is not easy to do that in PAN. Replacing nitrogen by hydrocarbon for

conducting a low temperature plasma assisted carburizing (PAC) treatment gives a

carburized layer constituted by the carbon expanded austenite phase (g

C

). Such a

treatment gives the opportunity to reach lower carbon content in the diffusion layer as

compared to nitrogen.These two phases can be obtained simultaneously by combining

hydrocarbon and nitrogen in the gas phase through a low temperature plasma assisted

nitrocarburizing (PANC) treatment.

We perform PAN, PAC and PANC treatments by multi-dipolar plasma based on the

Distributed Electron Cyclotron Resonance concept. The resulting plasma mixture (N

2

/H

2

/Ar or C

3

H

8

/H

2

/Ar) diffuses towards the substrate-holder that can be independently

heated and/or biased. Several fundamental aspects concerning the expanded austenite

phases containing nitrogen, carbon or a mixture of nitrogen and carbon will be

presented in this communication. We will particularly focus on the design of single or

double expanded austenite layers with tribological and corrosion properties adapted to

different industrial applications. Results obtained by sequential treatments: carburizing

followed by nitriding and nitriding followed by carburizing will also be considered.
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