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���������	Nitriding is a well-established thermochemical surface treatment of carbon micro-alloyed 

steels aiming enhancing surface properties such as fatigue, wear and corrosion resistances. The idea is 

taking benefits from the high hardening level due to a fine nitride precipitation and also the 

compressive residual stress state. Due to some complex interactions of phenomena during nitriding, the 

last has not been completely explained yet. When interest is focused on stress depth gradient and time 

evolution, difficulties find origins in pronounced heterogeneities whether it is the chemical gradient 

due to nitrogen diffusion, the resulting gradient of microstructure or the gradient of volumetric misfits. 

Relaxation of residual stresses is so usually described using a thermally controlled creep phenomenon 

due to the couple of diffusion and stress, but depend on phenomenological descriptions. A key point is 

also disregard that is the diffusion of carbon and its redistribution across the nitrided surface during the 

treatment. Based on experimental characterizations of model carbon iron-based alloys, the role of 

phase transformations, especially carbides, is explored in order to give better understandings of the 

residual stress development during nitriding. 
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Residual stress in nitrided iron-based alloys arise through the generation of chemically induced misfits 

according to nitrogen addition and the precipitation of fine MN nitrides (M = Cr, V, Mo…) [1]. During 

nitriding, a gradient of compressive residual stress develops and finds its origin through the diffusion of 

nitrogen. The resulting gradient of microstructure involves a gradient of volumetric eigenstrains 

according to the volume change accompanying the precipitation, thermal effects, chemical phase 

evolution and lattice distortions [2,3,4]. Surface relaxation of stress also occurs during nitriding and is 

usually ascribed to a thermally controlled creep phenomenon and the diffusion of carbon (cementite 

precipitation) [5,6]. The carbon is released within the matrix during the transformation of initial 

carbides into nitrides [7,8,9]. However the creep assumption is not in good agreements with some 

experimental observations that were not able to analyse neither dislocations nor plastic strains through 

nitrided surfaces [2,8]. And the carbon assumption appears being incomplete since it does not take into 

account the transformation of carbides into nitrides. These assumptions of stress relaxation are also 

based on phenomenological approaches and thus are not reproducible to different kinds of nitrided 

steels. 

This work aims so clarifying origins of stress relaxation during nitriding and estimating the role played 

by the diffusion of carbon and the transformation of initial carbides into nitrides. A model steel grade 

Fe-0.35%C-3%Cr is taken as a reference. 
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Fig. 1: Experimental nitrogen and carbon content-depth profiles obtained by EPMA and GDOES 

analyses [10]. 

Fig. 2: Volume fraction-depth profiles of each phase. Thermo-Calc calculations. 

a. b. 

Fig. 3: Evolution of (a) the global volume fraction of precipitates and the corresponding volume 

change, (b) the corresponding mean residual stress in the ferritic matrix compared to X-ray diffraction 

analyses (sin
2
Ψ method).
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Residual stress find origins during nitriding through the volume change accompanying the precipitation 

of fine MN nitrides. Initial carbides are transformed into nitrides, but also into cementite and ferrite and 

counteract the precipitation of fine alloying elements nitrides from the ferritic solid solution. It results 

in a decrease of the compressive residual stress level. The diffusion of carbon involves also a 

volumetric unloading and stress relaxation of the nitrided surface. In the case of a model steel grade Fe-

0.35%C-3%Cr, no plastic straining is found to occur during nitriding. 
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