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PREREQUISITES OF GLOW DISCHARGE APPLICATION FOR PLASMA 

NITRIDING PROCESS 

The modern theory of interaction mechanism of the gas-discharge medium with the metal 

cathode (the treated samples) during plasma nitriding in the glow discharge is characterized by 

two main approaches. The basis of the first model is the effect of iron sputtering from the cathode 

surface as a result of ion bombardment [1]. This theory underlies the modern understanding of the 

mechanism of diffusion saturation of steels with nitrogen in glow discharge plasma. In this case, 

FeN iron nitrides formed in the near-cathode region as a result of the interaction of sputtered iron 

atoms with the ionized nitrogen start to move toward the cathode. Adsorbing on the samples 

surface, FeN transforms gradually into the ε-phase (ε-Fe2-3N) and the γ`-phase (γ'-Fe4N), forming 

compound layer. The atomic nitrogen released because of such reaction creates a solid solution of 

αN, α'N or γN - the phases of expanded by nitrogen ferrite, martensite or austenite, accordingly 

(depending on the class of steel), that diffuse deep into the surface forming a diffusion zone [2]. 

Together, the compound and diffusion zones create so-called "white" layer of internal nitriding. 

These are exactly the phases, which recognized as providing of high hardness and wear resistance 

of the treated surface [3]. Fig.1 illustrates the formulated principle. 

The core of the second model [4] is the assumption that the intensification of nitrogen diffusion 

in steel is not as much the effect of the physical cathode sputtering as the number of structural and 

surface imperfections formed due to ion bombardment and the density of nitrogen ions near the 

samples surface accordingly. Formed defects, in their opinion, serve as easy ways of nitrogen 

diffusion in steel.  

 
Fig. 1 – Basic physicochemical interactions of glow discharge plasma with the surface being 

treated [4]. 

However, no matter how significantly these theories differ, in our opinion, they have one 

common ground related to the atomic nitrogen diffusional mass transfer deep into the treated 
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surface as a consequence of its bombardment with the ions of working gas active component. Thus, 

the diffusion of saturation elements deep into the strengthened metal body is a defining process 

for all known methods of thermochemical treatment, and the intensification of its rate is the main 

way of the treatment process improvement in general [5]. 

Thus, glow discharge plasma plays a substantial role in the thermochemical treatment processes 

creating the number of a complex plasma-surface physico-chemical processes that can be 

described as follows [6]: 

1. An inelastic collision of fast electrons, emitted from the cathode surface because of 

ion bombardment, with the gaseous atoms and molecules resulting in their ionization. 

This creates the conditions for the formation of an active environment saturated with 

atomic nitrogen ions near the cathode surface. 

2. Ion bombardment of the cathode surface inevitably leads to the formation of a large 

number of surface and structural defects, intensifying of nitrogen diffusion deep into 

the treated sample. 

3. Cathode sputtering, which is also a consequence of ion bombardment, creates the 

conditions for removing of natural oxides from the treated surface before nitriding, 

preventing of its reappearance during nitriding process as well. This is essential for 

free atomic nitrogen diffusion into the depth of treated samples. 

4. Cathode`s heating to the treating temperatures by converting of ions kinetic energy 

into thermal one while the ion bombardment of nitrided surface. 

The above processes are closely intertwined and their unhindered flow ensures a high rate of 

nitrogen diffusion saturation, thus the application of nitrided surface with the required structure, 

mechanical and tribological properties. Normally, these processes control is provided by changing 

of plasma nitriding main parameters, such as: temperature, treatment time, the composition of the 

gas mixture and the gas pressure in the reactor. However, the listed parameters are closely related 

and have a complex effect on the plasma nitriding efficiency [7].  
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