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Abstract:  

This practical research work is devoted to the adaptation of technology for ion plasma nitriding of mechanical parts (pins and gears). 

Formerly these parts were inductive hardened, and requirement of the purchaser was to  replace inductive hardening technology with the 

chemical-heat treatment i.e. ion plasma nit riding. 

Procedure for ion plasma nitriding of pin hammers and gears made of 4M2CrMo4 steel was described. Starting from the heat treatment of 

the parts, their cleaning and charging of the parts in the chamber. Description of the chamber and complete installation for nitride in is 

described. Experimental nitriding parameters are given too. Finally, accuracy of obtained results was checked using hardness measured of 

nitrided parts. Hardness values were in accordance with purchaser requirement, 
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1. Introduction  
Implementation of ion plasma nitriding started in the second decade 

of the former century as an alternative of conventional gas nitriding 

after the word war second this process was widely implemented in 

many industrial countries [1-4]. 

Implementation of plasma nitriding as a process of 

surface hardening of steels gives very good and applicable results  

Phenomena of plasma is very well known natural phenomena which 

is deeply elaborated in the current years [5-7]. 

Advantages of ion plasma nitriding are the following: lower 

distortion compared with other processes of surface engineering, 

wear characteristic of parts can be controlled and even improved 

[8,9]. 

Nitriding in pulse glowing discharge (plasma  nitriding) is 

an efficient method for increasing the hardness and wear-resistance 

of metals and alloys. Basic technological advantage of this method, 

is the low temperature at which the process is directed (450-520°C) 

resulting in partly volume deformations and piece distortion. 

Plasma nitriding of materials is characterized by the active 

parcipation of these materials in glow disgorge, since they serve as 

cathode [10-12]. 

As results of these the tool life is increased from some to 

ten and more times. Characteristics of the ordinary steels can 

be significantly improved [13-14].  

 Achieved hardening of the surface couldn’t be reach wig any 

other process of surface engineering. Good combination of 

the properties on the surface and in the core of the part [15]. 

Could be used in the treatment of the massive parts too. 

Scaling and decarburation are minimal [16]. 
Plasma ionized gas is the fourth state of matter. It is very reactive 

media which contain ions and neutral atoms occurred as results of 

the molecules dissociation of molecules in the electric field. Glow 

discharge which surround the working parts consists of these 

positive ions. Plasma nitriding is performed using direct current 

[17].  

Typical process parameters are the following: Temperature (400-

600°C), pressure (0.5 – 7 mbars), gas composition (ammonia, 

methane, hydrogen and argon), time (4-30 hours depending of the 

layer thickness). Additional process parameters are: voltage current 

intensity, pulse frequency and pulse duration. 

During the plasma nitriding process, the job part and the cathode 

inside the furnace will be emitting a purple glow. This is because 

voltages had dropped sharply at these regions. This provided a large 

amount of discharged energy, which causes the cathode and job part 

to glow treatment [18]. 

During the plasma nitriding process, the job part and the cathode 

inside the furnace will be emitting a purple glow. This is because 

voltages had dropped sharply at these regions. This provided a large 

amount of discharged energy, which causes the cathode and job part 

to glow [19, 20]. 

Knowing the basic characteristics and parameters of the ion plasma 

nitriding, the main task in this work was to optimize process 

parameters and to obtain surface layers of the treated parts with 

necessary parameters which enable  their practical usage. 

 

2. Material and investigations 

Ion plasma nitride parts (pins hammer and conical gears) are made 

of low alloyed steel 42CrMo4. Chemical composition of parts is 

given in the table 1. The view of the parts before nitriding is given 

in the figure 1. 

 

Table 1 Chemical composition of the ion nitrided parts 

element % 

 pin gear 

C 0.41 0.45 

Si 0.2 0.26 

Mn 0.75 0.8 

Cr 1.05 1.11 

Mo 0.23 0.25 

rest - - 

 

 

   
Figure 1 Parts for nitriding 

 

Preparing of the parts for nitriding  
Before to start with plasma nitriding, heat treatment (quenching and 

tempering) of the parts was done. 

Parameters of the heat treatment are the following: 

- - Quenching Т=820 – 860 оС (oil) 

- - Tempering Т=550 оС,  t=20 h 

After heat treatment machining of the parts to final dimension was 

done. Finally grinding of the parts was made too. 

Nitriding parts have to be clean from corrosion products and 

impurities like grease oil or similar. Organic solvents are used for 

removing of organic impurities while oxides are removed by 

grinding or by chemical solutions mainly Н3РО4.   
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Charging of the chamber 

After cleaning of the part from grease oil and similar impurities the 

parts were charged in the working area of the chamber. Treated 

parts are put on the working surface which is supported by three 

auxiliary insulators. Positive part is connected with the body of the 

working chamber 

 

Dimension of the chamber,  figure 2 

Useful diameter – 1000 mm; 

Useful highness – 1300 mm; 

Useful volume – 0.8 m3 ; 

Capacity for the electric and heat insulation – 1000kg; 

Operating force for the electric support and cathodic insulation  

- max. 1500V; 

Working temperature  300 – 600 0С; 

Working pressure 0 – 10 bar; 

Cooling  – with cold water. 

 
Technical characteristics of the chamber 

Outer characteristics of the vacuum chamber, 1360х1800 mm; 

Inner working dimensions of the chamber: 1000х1400 mm; 

Maximal weight of the treated parts: 1000 kg; 

Working gasses: nitrogen, hydrogen propane (natural gas), argon 

The process is fully automated and computerized.   

After process finishing, the parts are leaved in the chamber and 

cooled in vacuum. When the temperature falls to 100 оС the lin can 

be opened and process of ion plasma nitriding is completely 

finished. 

 

 
Figure 2 Chamber of ion plazma nitriding instalation 

 

Electric current supply 

Electric current, installation for supply is covered with metallic 

coverage with the following dimensions 2000х600х1800 

 

 
Figure 3 Electric current supplies 

 

Input voltage                      3/380V + 10% - 10%; 50Hz   

Max outer power                        100 kW  

Outer voltage                              0 – 800 V 

Average current                          0 – 100 A  

Inputs current                             0 – 120 A  

Frequency                                  5 – 10 kHz 

Impulse/pause                     adjustable     

 

Plasma nitriding parameters 

The parts were nitrided under the following parameters of the 

chamber: 

- Constant temperature of the chamber 500 оС; 

- Gas composition: 99,9%; 

- Pressure of the chamber (partial) 3,0 mbar; 

- Cathode voltage (600V). 

 

Technical description of nitridinng installation 

Working chamber is in the form of bell. It consists of bottom and 

lid. There are two windows on the lid from the upper and lateral 

side. Both parts have double walls. Between the walls circulated 

cold water. In order to lower heat exchange between the treated 

parts and working part, inner part of the chamber is covered with 

layers of stainless steel.  

Vacuum system works permanently during technological cycle. It is 

controlled by the system controller according technologic program.  

 

System for gas supply 

System for gas supply contains manual valves, plastic tubes, 

adjusting equipment, and controllers for monitoring electric valves. 

Installation use the following gases: nitrogen, hydrogen, propane 

(natural gas) air under pressure   

 Nitrogen is used as active gas for technological process of plasma 

nitriding (Nitrogen purity, N2: 99,999%) 

Hydrogen is used as active gas in technological process of plasma 

nitriding  (Purity of hydrogen Н2 : 99,999%). 

 Necessary inner pressure 3,5 до 5,0 bar. 

Argon (nitrogen is used for cooling of parts of ion plasma nitriding  

 
Monitoring control system, figure 4  

Monitoring system control all mechanisms and phases of the 

nitriding process i.e. 

- Three systems guidance; 

- IGBT transistor; 

- Vacuum pumps; 

- Water cooling system; 

- Large number of controllers; 

- Electromagnetic pumps. 

It controls condition in the chamber and record history of the 

process. The process is led according material type and shape. 

 

 .  

Figure 4 Monitoring control system 

 

3. Results of the investigation 

After finishing the ion plasma nitriding process the parts gears 

(figure 5) and pins were subdued to surface hardness measurement.  

For measuring of the part was used mobile hardness tester, figure 6. 

And for prepared specimens from the same steel and nitreded under 

the same conditions was used hardness and micro hardness tester, 

figure 7. 

Results of hardness measurements are given in the tables 2 and 3. 
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Figure 5 Pins hammer after ionization 

 
Figure 6 Mobile hardness tester 

 

   
a                                            b 

Figure 7 Hardness and micro hardness tester 

a. Micro hardness tester  

b. Hardness tester 

 

Obtained results for hardness values, for both types of parts, are 

given in the table 2 and 3. Hardness values are measured before and 

after plasma nitriding using Rockvel (HRc) and Vickers (HV1) 

units. In both cases measured values fulfill requirement of the 

purchaser i.e. surface hardness after nitriding is between 50-55 

HRc. 

 

Table 2 Hardness values of nitride pins hammer 

 Before nitriding After nitriding 

HRc 150kg 

load 

HV1 HRc 150 kg 

load 

HV

1 

1 30 278 55 649 

2 30 278 52 549 

3 32 303 52 549 

4 29 277 53 587 

5 28 271 54 589 

 29,8 286 53,2 592 

 
        

 

 

Table 2 Hardness values of nitrided conical gear 

 Before nitriding After nitriding 

HRc 150 kg load HV1 HRc 150kg load HV1 

1 28 271 52 549 

2 30 285 51 538 

3 30 285 52 549 

4 31 285 50 505 

5 32 303 51 531 

 30 303 51 549 

 

4. Discussion 

In the experimental work of this paper was described procedure for 

ion plasma nitrding of the pin hammers and gears made of 

42CrMo4 steel. The base task of this practical research work was to 

give technology for  ion plasma nitriding.   

Formerly induction hardening of these parts was used for obtain 

increased surface hardness. But this process was in many cases 

impractical because bending of parts, particularly pins appear. 

Because of that it was decided to replace process of the heat 

treatment. New implemented process ion plasma nitriding has to 

show at least the same surface hardness like induction hardening.  

In such way increased wear resistance and corrosion resistance 

could be reached too. Requirement of the purchaser to obtain 

hardness values 50-55 HRc was reach without any problem. 

 

5. Conclusion 

The basic idea in this practical research work was to increase 

surface hardness of two different parts i.e. pins hammer and conical 

gear.  Instead of formerly used induction hardening, ion plasma 

nitriding was performed in this case. The requirement was to obtain 

hardness between 50-55 HRc, to perform this task; the parts were 

ion plasma nitrided. Plasma nitrided parts were produced from 

42CrMo4 steel. Besides other advantages ion plasma nitriding 

enable deformation of parts, wear resistance and corrosion 

protection. All nitriding parameters were taken according personal 

experience.  Measuring of hardness shows that obtained values are 

53 HRc for the hammer pin and 51 HRc for conical gear which 

completely fulfill requirements of the purchaser.  
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