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Abstract 
Nitriding is a thermo-chemical surface treatment of steels providing an improved fatigue and 
wear resistance. This treatment is based on nitrogen diffusion involving the precipitation of 
nano-scaled nitrides from the solid solution at the near surface of the nitrided piece. Nitriding 
involves a complex microstructural evolution both in time and depth including diffusion of 
nitrogen and precipitation of nitrides but also coarsening and dissolution of carbides resulting in 
diffusion of carbon. However the chemical composition of nano-scaled precipitates remains 
controversial, in particular regarding the iron content in nano-nitrides that may substitute 
alloying elements. In this framework, anomalous small-angle X-ray scattering was used to bring 
quantitative data on the distribution and composition of the nano-scaled phases in a Fe-3Cr-0.3C 
steel as a function of depth. 
 

Introduction 
Nitriding of steels involves a complex microstructural gradient both in time and depth including 
diffusion of nitrogen and precipitation of nano-nitrides but also coarsening, dissolution and re-
precipitation of carbides accompanied by transverse diffusion of carbon [1,2]. 
Despite of the large characterization of nitrided surface, the chemical composition of nano-scale 
precipitates remains controversial. The purpose of this study is to bring some new insight on the 
composition of the nano-scale phases in different nitriding conditions, as a function of depth and 
therefore to provide quantitative data on nitrides in the diffusion layer essential for further 
understanding and modelling of the nitriding process.  
 

Experimental method 
Small-angle X-ray scattering is a powerful technique for investigation of nanometric particles 
and provide statistical data. Moreover SAXS carried out in the anomalous mode at the Cr-edge 
can provide information on the Cr-composition of the nano-nitrides [3]. Experiments were 
carried out on the BM02-D2AM, a French CRG beamline at the European Synchrotron 
Radiation Facilities (ESRF) in Grenoble. Two samples were studied with the same composition 
(0.35 wt.% C, 1.0wt% Cr, Fe balance) and two different nitriding conditions (10 or 100 h at 
550 °C). 
 

Main results 
The evolution of the integrated intensity Q0 as a function of depth was evaluated and is displayed 
in figure 1(a) for the 10h@550°C nitrided sample. The figure clearly renders the three expected 
zones, i.e. the compound layer close to the surface, the diffusion layer characterized by the 
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   Nitriding is a thermo-chemical surface treatment of 
steels providing an improved fatigue and wear resistance. 
This treatment is based on nitrogen diffusion involving the 
precipitation of nano-scaled nitrides from the solid solution 
at the near surface of the nitrided piece. Nitriding involves 
a complex microstructural evolution both in time and depth 
including diffusion of nitrogen and precipitation of nitrides 
but also coarsening and dissolution of carbides resulting 
in diffusion of carbon. However the chemical composition 
of nano-scaled precipitates remains controversial, in 
particular regarding the iron content in nano-nitrides 
that may substitute alloying elements. In this framework, 
anomalous small-angle X-ray scattering was used to bring 
quantitative data on the distribution and composition of the 
nano-scaled phases in a Fe-3Cr-0.3C steel as a function 
of depth. 
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