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Considering the relevance of Inconel 718 alloy for oil & gas industry, and the nature of tribological system to 
define the friction and wear behaviors during sliding, this investigation presents results obtained in reciprocating 
tests under saline solution for active-screen plasma-nitrided Inconel 718. Bearing steel and silicon nitride 
ceramic were used as counterbodies, being balls of 4-mm diameter. When the abrasive wear mechanism was 
detected, the highest volume losses were determined, and the presence of nitrided layer was not significant. By 
contrary, when steel ball was used, the nitrided layer reduced the volume loss in one order of magnitude. 
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1. Introduction 

Inconel 718 is an important alloy for oil & gas industry, 
mainly because its resistant to corrosive agents. 
However, many components require friction control, and 
they are subject to high contact stresses. A possible 
solution to improve the tribological performance of this 
alloy is to apply plasma nitriding process [1]. This study 
aims to present the effect of counterbody during sliding 
wear of nitrided Inconel 718 under saline solution. 

2. Methods 

Inconel 718 (IN718) alloy was prepared after 

solubilization conducted for 1 hour at 1090 °C followed 

by aging process at 788 °C for 7 hours (530±10 HV0.05). 

Samples with dimensions of 34x27x7 mm3 were finished 

up to 1200-mesh sandpaper. Then, the active screen 

plasma-nitriding (ASPN) were carried out at 400°C for 

20h, using a gas mixture of 75% of N2 and 25% of H2. A 

nitrided layer with 6.5 µm thick (1200±100 HV0.05) was 

formed on the surface of the Inconel 718. 
Reciprocating tests were performed using the CETR® 

tribometer equipped with DFH-1 load cell. Two different 

balls were used as counterbodies: i) AISI 52100 steel, and 

ii) Si3N4 ceramic ball, both with 4-mm diameter. The 

normal load was 5N, the track distance was 5-mm length, 

and the testing time of 1800 seconds. In all reciprocating 

tests the specimens were submerged in artificial saline 

solution (3.5% NaCl). Each test setup was repeated 3 

times, at least. The volume loss was calculated using 3D 

optical interferometry, and the wear mechanisms were 

revealed by scanning electron microscope.  

Working electrodes of nitrided and untreated samples 

were exposed to 3.5% NaCl (25±0.5 °C), with and 

without agitation. Measurements of Open Circuit 

Potentials (OCP) and polarization with ±10 and ±150 mV 

(of OCP) at 0.1 mV.s−1 scanning speed were carried out 

in Autolab PGSTAT 204 potentiostat. 

2.1. Results  
The presence of a nitrided layer shifted the OCP to 

positive values, especially with agitation. The corrosion 

rate of nitrided layer is 1.3 times smaller than IN718. 
A summary of tribological results is presented in Table 1. 

 

Table 1: Summary of tribological results 

 

System COF 
Volume loss 

(m3) 
Main 

mechanism 

IN718/steel 
ball  0.29 2.21 x 10-12 

Oxidative 
wear 

ASPN/steel 
ball 0.40 2.08 x 10-13 

Adhesive 
wear 

IN718/Si3N4 0.37 5.7 x 10-12 
Abrasive 

wear 
ASPN/Si3N4 0.39 4.7 x 10-12 Mixed 

3. Discussion 

The nature of interfacial contact was crucial for 
tribological behavior. As expected, when abrasion 
mechanism was predominant, it was enough to produce 
the highest volume losses, using Si3N4 as counterbody. In 
this case, the presence of nitrided layer was less 
significant to prevent the wear. On the other hand, when 
steel ball was used, the smallest friction was observed 
due to the oxide formation (Fig.1), and the presence of 
nitrided layer was quite significant to reduce the volume 
loss, in one order of magnitude. 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 1: Worn surface of 52100 steel ball, after 

reciprocating test against Inconel 718. 
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