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Stainless steels are highly corrosion resistant alloys. However, one of their major drawbacks is their 
insufficient wear resistance. Various methods exist to improve the surface hardness of these alloys. 
One of the most effective is solid-solution hardening using interstitial atoms, particularly carbon and 
nitrogen.  Conventional high-temperature carburization/nitridation often results in carbide or nitride 
formation, which contributes to the wear resistance of the alloy, but at the same time decreases the 
corrosion resistance due to Cr depletion from the matrix (“sensitization”). Low-temperature 
carburization is an alternative method by which austenitic stainless steels may be carburized under 
conditions that limit diffusion of substitutional atoms and thus hinder carbide formation [1]. Colossal 
levels of interstitial carbon may thereby be introduced, thus generating a supersaturated solid solution 
with interstitial carbon levels reaching concentrations above 13 at%. 
 
This process results not only in substantial hardening -- from a core hardness of 300 HV to 1200 HV 
at the surface -- but also significantly improves fatigue resistance and corrosion resistance [1-3]. 
Since the hardened surface layer (“case”) is relatively thin (of the order of tens of micrometers) and 
ductile, it has hardly any effect on the bulk mechanical properties [3]. Low-temperature carburization 
will find applications where enhanced wear-, fatigue-, and corrosion resistance are important.   
 
The exact mechanisms responsible for the observed hardness increase are not yet fully understood.  It 
has been debated whether the improved properties of the carburized steels arise indeed from carbon 
in solid solution, or rather from the formation of fine, nm-scale carbide precipitates,.  Analysis of the 
carburized surface by X-ray diffraction (XRD) and transmission electron microscopy (TEM) has not 
revealed carbides. However, the deformation by relaxation of stresses introduced by carburization 
renders such analyses difficult.  
 
To overcome these obstacles, local-electrode atom-probe (LEAP) tomography was used to 
investigate the composition and structure of the carburized surface at the atomistic scale.  To ensure 
that the analyzed regions were actually from the case, microtips for the LEAP tomographic analysis 
were prepared using a focused ion beam (FIB) [4].  The results indicate that the carbon is uniformly 
dispersed, as no precipitates are observed in the three-dimensional atom-by-atom reconstruction for 
Cr, Mo, and carbon in Fig. 1.  The data in Tab. 1 confirms the colossal concentration of dissolved 
carbon in this specimen [5]. The present results are an important step for understanding and modeling 
the significant improvements in the mechanical and electrochemical properties of carburized steel. 
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Figure 1.  A representative 2 nm thick slice of low-temperature-carburized 316L steel showing the 
positions of (a) Cr, (b) Mo, and (c) carbon atoms projected from a three-dimensional LEAP-
tomographic reconstruction. The carbon positions include atoms detected as C+ and C2+ atomic ions 
as well as C2

+ and C2
2+ di-atomic, and C3

+ and C3
2+ tri-atomic cluster ions. All carbon atomic and 

cluster ions are represented as single dots.   
 
Table 1. Composition of the 316 carburized steel as measured by LEAP tomography, using three sets 
of mass windows with different widths for windowing the peaks in the mass spectrum. 

At. % C Mn Si P V Cr Ni Mo Cu Fe 

Narrow 1122..66 1.3 1.7 0.1 0.2 17.1 11.3 1.1 0.3 54.2 

Wide 1155..11 1.3 1.6 0.1 0.2 16.6 11.0 1.1 0.3 52.6 

All Wide 1144..11 1.3 1.7 0.1 0.2 17.1 12.2 1.2 0.3 51.7 
 


