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Previously, plasma nitriding of 90CrMoV8 steel had shown the improvement in hardness; however the corrosion propensity in wood juice was shown to be increased [25]. Apart from this specific wood juice electrolyte there is no other literature available so far on corrosion studies of this steel in a common electrolyte found in the atmosphere. As it is known that halides accelerate corrosion in Fe based alloys and also these are commonly found atmospheric corrodents, in the present study electrochemical investigation was conducted in NaCl electrolyte.

Experimental Details

Plasma nitriding process:

Steel samples in as-received condition were cut from a sheet to a dimension of 10 x 10 x 3 mm 3 . The composition of the steel is given as below in the Table 1.

Table 1: Composition of 90CrMoV8 steel Element C Si Mn Cr Mo V F e
Wt. (%) 0.5 1.0 0.5 8.0 1.5 0.5 balance After metallographic polishing and ultrasonic cleaning in acetone, samples were placed in the vacuum chamber of the nitriding reactor and evacuated to 0.5 Pa. Then nitriding was performed in a glow discharge plasma of H2 and N2 (80:20) gas mixture the temperature range of 450-500 o C for 1-8h.

Microstructural characterization:

For the structural characterization the samples after nitriding were exposed to X-ray diffraction (XRD) (XRD -INEL CPS 120 diffractometer -θ/2θ configuration) using Co-kα radiation source. Cross sections of the samples were observed in scanning electron microscope (SEM-model SEM-Jeol JSM-5900) to inspect the nitrided layer. The cross sections after metallographic polishing and etching with Villela's reagent were exposed to SEM.

Electrochemical characterization:

To assess the corrosion resistance property, steel samples before and after plasma nitriding were subjected to detailed corrosion tests by following potentiodynamic polarization. To carry out these tests Biologic SP300 potentiostat with EC Lab software was used. The three electrode corrosion test cell constituted was consisting of the nitrided steel sample as the working electrode with 0.636 cm 2 exposed to the electrolyte, a saturated calomel electrode (SCE) as reference electrode and a platinum counter electrode. All the tests were performed in 3.5% (wt.%) NaCl electrolyte with pH=5.

Results andDiscussion

X-ray diffraction and phase evolution

From the previous studies on similar steel, it was found that there was no significant improvement in micro hardness for the steel samples nitrided for shorter durations within the range of 1-5 h. However, a significant improvement of hardness was shown after nitriding for 6 and 8 h at all the temperatures (450-520 o C) [25]. It can be seen from the following Fig. 1 that, nitriding at lower temperature of 450 o C improved the hardness to ~ 1150 Hv however, the case depth formed was shallow which was only ~ 40 µm thick [25].

With the view to obtain a wider case depth and hence to prolong the tool life, in the present studies, nitriding was performed at the temperature of 500 o C by varying the exposure time for 6 h and 8 h. Fig. 2 shows the XRD patterns of as-received and nitrided steels at 500 o C for different treatment times (6 h and 8 h). In the nitrided samples, mainly the peaks of Fe and γ′-(Fe, Cr) 4 N and ε-(Fe, Cr) 2-3 N were revealed. Fe and other nitride peaks are much broadened, which is indicative of nitrogen incorporation in the crystal lattice. Fig. 3 represents SEM micrographs of the cross sections of the nitrided steel at 500 o C for 6 and 8 h. It is evident that a very thin and uniform compound layer is formed on top of the surface. After this a diffusion/hard layer was formed. This thin compound layer is known to be beneficial from the corrosion resistance point of view. The bright particles on the surface are formed by agglomeration of iron nitrides particles which depend on the nitrogen concentration [20]. 
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