
High Hardness and Better Pitting Corrosion Resistance of AISI 316L 

Stainless Steel by a Self-protective Paste Nitriding Process 

G. Vargas-Gutiérrez, L. López-Ojeda and D. Erives-Ramírez

Center for Research and Advanced Studies (Cinvestav), Saltillo Campus, Calle Industria  

Metalúrgica No. 1062, Parque Industrial Saltillo - Ramos Arizpe, Ramos Arizpe, Coahuila, 

México, CP 25900, Tel. +52 844 4389600; E-mail address: gregorio.vargas@cinvestav.mx 

1. Introduction – Stainless steels in seawater, require high resistance to wear without their corrosion

deterioration. Most research looking for stainless steels with high erosion-corrosion resistance have been

oriented to develop the surface formation of expanded austenite (a nitrogen- or carbon-supersaturated

stainless steel) without the precipitation of chromium carbides at the grain boundaries. This aim has been

achieved via low-temperature (<450 ºC) plasma nitriding [1,2]. However, their initial investment, the

degree of control required, their maintenance and operation expenses and their limitations for treatment

big size parts and the skill level required from operators difficult the widespread dissemination of this

technology. Conventional liquid nitriding (above 580 ºC) can improve the surface hardness and

tribological properties of stainless steels. However, corrosion resistance is significantly decreased due to

the precipitation of chromium nitrides or chromium carbides. This process is therefore not applicable for

the improvement of the erosion resistance of stainless steels under corrosive environments like the

seawater [3]. The main objective of the present work is to propose and evaluate a new nitriding process

by a self-protective paste to simultaneously increase the erosion and corrosion resistance of stainless

steel.

2. Experimental - The nitriding of AISI 316L stainless steel was studied using a mixture of cyanate and

sodium carbonate salts. This self-protective paste was applied on previously polished steel substrates to

increase simultaneously their hardness and their pitting corrosion resistance. Short nitriding treatments

at 580 °C for 3 to 20 minutes were studied to evaluate the formation of the expanded austenite and the

precipitation of chromium nitrides and carbides. Characterization of the materials was carried out using

XRD and SEM/EDS. The corrosion resistant was evaluated in a solution of synthetic seawater using

potentiodynamic polarization according to ASTM G59 standard. The hardness was evaluated in cross

section by Vickers indentation.

3. Results and Discussion - Both, nitriding time and temperature played an important role in the surface

modification of the stainless steel, in terms of the nature of phases formed, thickness of layers, hardness

and corrosion properties of the treated samples. Treatment times longer than 10 minutes at 580ºC was

detrimental for the stabilization of the expanded austenite and to avoid the precipitation of chromium

nitrides and carbides. The nitriding at 580ºC for 3 minutes produced a surface hardness three times higher

than the AISI 316L SS without treatment. This short nitriding treatment improved simultaneously the

hardness and pitting corrosion resistance of the AISI 316L SS.

4. Conclusions - The use of self-protective pastes of sodium cyanates and carbonates allowed to develop a

surface microstructure based on expanded austenite without precipitation of chromium nitrides and

carbides that improved de pitting corrosion of the AISI 316L SS.

The nitriding at 580ºC for 3 minutes improved simultaneously the hardness and pitting corrosion resistance 

of the AISI 316L SS.  
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