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Abstract  

Numerous engineering components which are in contact with liquid environments that are working under 

pressure can be degraded by cavitation erosion.  

The present paper study the improvement of cavitation erosion resistance of gray cast iron with lamellar 

graphite and pearlite microstructure by applying the nitriding thermochemical treatment. 

The cavitation tests were carried out on a vibratory device with piezoceramic crystals in accordance with ASTM 

G32 - 2016 standard. 

The material degradation is demonstrated by mass loss and erosion rate variation depending on the cavitation 

attack period. As reference material it was considered the same type of gray cast iron, subjected to softening 

annealing treatment. The eroded surface was examined by optical and scanning electronic microscopy. 
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1. INTRODUCTION  

Plasma nitriding is a modern method of surface hardening where the heating of the parts is obtained as an 

effect of hitting the cathode (sample) by the ionized molecules of the used gas [1]. Compared to the classic 

ammonia method, it has the advantage of high nitriding rates, so that the total duration of this process can be 

reduced 2-3 times [1]. Since both the chemical parameters (chemical composition, pressure, flow) of the gas 

can be adjusted, as well as the electrical parameters (voltage, intensity of the luminescent discharge current), 

a nitride layer can be obtained with superior characteristics to the one obtained by the classical method. 

Based on these remarks, the research carried out in this paper aims at the possibility of expanding the 

application of this technology to surfaces found in cavitational flows, where hardness plays an essential role 

in increasing the operating time. 

2. THE RESEARCHED MATERIAL. EQUIPMENT AND USED METHOD  

The experiments were conducted on cavitation samples [5-7] made of gray cast iron EN-GJL-200 with a 

microstructure composed of a pearlite metallic matrix with lamellar type A graphite separations (according to 

ASTM-67) and small amounts of phosphorous eutectic [6]. The samples were subjected to stress relieving 

annealing treatment at 525 °C/4h/oven, after that some samples were subjected to plasma nitriding 

thermochemical treatment at temperature of 530°C, with a holding time of 840 min, then cooled in the oven to 

150°C, and further air cooled at which point they were exposed into the air (Figure 1). Following this 

thermochemical treatment, the surface hardness reached to values of 368 HV5. 
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Figure 1 Cyclogram of thermochemical nitriding treatment 

The analysis of the surface resistance of stress relieving annealing and plasma nitriding at cavitation erosion, 

was performed on sets of three samples, using the standard vibrating device with piezoceramic crystals 

(Figure 2), found in the Cavitation Laboratory of the Politehnica University of Timisoara. Before exposure to 

cavitation attack, the surfaces were polished to a roughness Ra = 0,2 µm. 

 

Figure 2 Standard vibrating device with piezoceramic crystals: a – general image: b- image during the 

cavitation attack; c- the head of the sonotrode in which the cavitation sample is fixed; d- the vibrating 

mechanical system with the sample fixed in the sonotrode. 

The laboratory methodology, regarding the working condition and the research procedure (total duration and 

intermediate periods of the cavitation attack, liquid environment and its temperature, cleaning and washing of 

each cavitation sample, evaluation of mass losses) were performed in strict accordance with ASTM G32-2016 

[4]. The surface topography of the cavitation samples was macro and micrographic investigated to reveal the 

mechanism responsible for increasing the stability to erosion and surface degradation. 
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3. EXPERIMENTAL RESULTS 

3.1. Cavitation curves 

The diagrams shown in Figure 3 and Figure 4 presents the experimental results of the cavitation test, 

expressed by the average values obtained for the mass losses M(t), respectively for the erosion rate v(t) 

depending on the duration of the cavitation attack, for the sets consisting of stress relieving annealing samples 

and for those subjected to plasma nitriding thermochemical treatment. Both diagrams were drawn based on 

mass losses, Δm and velocities recorded at the end of each cavitation attack period, Δt = 5, 10 and 15 minutes, 

which were cumulated as the cavitation attack time was moving to a final duration of 165 minutes. 

 

Figure 3 The variation of the eroded mass with the duration of the cavitation attack: 1 - stress relieving 

annealing; 2 – plasma nitriding 

 

Figure 4 The variation of the erosion rate with the duration of the cavitation attack: 1 - stress relieving 

annealing; 2 – plasma nitriding 

The data obtained are in concordance with those existing in other research papers [2,8] and demonstrate that 

a slight improvement in cavitation erosion resistance is obtained following the application of plasma nitriding 

thermochemical treatment to gray cast iron with lamellar graphite. 

If by applying the stress relieving annealing treatment the mass losses after the cavitation attack of 165 minutes 

were 94.426 mg and the erosion rate was 0.577 [mg/min], plasma nitriding thermochemical treatment causes 

a decrease in mass loss by about 14.7% , respectively the erosion rate by about 10%. 
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3.2. Macro and micrographic examinations 

Figure 5 shows the macrography of the eroded surface of the gray cast iron subjected to the plasma nitriding 

thermochemical treatment, noticing clearly that the as the duration of the cavitation attack increases, the 

eroded area expands and the caverns become deeper. 
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Figure 5 Macroscopic samples appearance of the surface nitride in plasma and exposed to cavitation at 

variable time durations 

 

a) 

 

b) 

Figure 6 SEM image of the tested surface at 165 minutes cavitation time: a – after stress relieving 

annealing; b – after plasma nitriding 
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Scanning electron microscopy examination of damaged surfaces after 165 minutes the cavitation attack shows 

that by the stress relieving annealed samples (Figure 6 a) a furrowing of the former areas with lamellar graphite 

and a coalescence of the initiated cracks in the metal matrix adjacent areas occurs. In opposite, the surface 

of the plasma nitride samples (Figure 6 b) is less damaged, the hard FexNy nitride phases blocking the 

cavitation erosion wear phenomenon. 

4. CONCLUSIONS 

Compared to stress relieving annealing, the plasma nitriding thermochemical treatment at 530°C for 16h 

applied to gray cast iron with perlitic matrix and lamellar graphite, is manifested by a reduction of mass loss of 

14.7% and an erosion rate with about 10% after 165 minutes of cavitation attack. 

The limited increase in cavitation resistance is justified by: 

• Difficulties in the formation of homogeneous nitride phases due to the existing graphite on the material 

surface that plays the role of barrier; 

• Sensitivity of nitride particles to stress concentration.  

The topographies of the cavitated surfaces reveal a less pronounced degradation of the samples hardened by 

plasma nitriding thermochemical treatment. 
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