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The study examined layers were formed on the outer surface of austenitic stainless steel 304 under glow discharge 
conditions in the low-temperature and short-term ion nitriding. The outer layers analyzed in the work produced in 
parallel in the classical process of cathode and a novel method of “active screen”, intensifying the process of nitriding.
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INTRODUCTION

The dynamic growth of the contemporary science 
and technology requires the use of materials with in-
creasingly better mechanical and service properties. 
Currently used metallic materials often do not fully 
meet the requirements associated with their purpose. 
This creates the need for using more expensive materi-
als possessing these high properties in their initial 
state, or modifying the currently used materials. The 
modification of metallic materials being in use may 
result in changes in their mechanical and service prop-
erties either within their entire volume or only in the 
top layer.

Presently, the majority of studies dealing with 
changes in the bulk of material focus on modifying the 
chemical and phase composition of alloys [1, 2] or ap-
plying appropriate thermal-plastic treatment that, com-
bined with accelerated cooling, ensures structures of the 
assumed mechanical properties to be obtained [3].

The properties of the top layer of metallic materials, 
on the other hand, are most often shaped by using vari-
ous surface engineering methods, developed particu-
larly intensively in the last three decades of the past 
century [4].

Owing to their good corrosion resistance, mechani-
cal strength, heat resistance and high formability, auste-
nitic steels have found application in many branches of 
industry. In the initial state, these steels exhibit, how-
ever, low hardness and abrasive wear resistance. 

However, the modification of the surface of austen-
itic steels is, as a rule, difficult, as the dense and tight 
Cr2O3 oxide film formed on the steel surface prevents 
other elements from penetrating into the material. Nev-
ertheless, plasma methods have been successfully de-
veloped, which allow the austenitic stainless steel sur-

face to be modified by removing the chromium oxides 
from it through ion bombardment. Among them, a lead-
ing method is glow discharge nitriding [5-7]. Ion bom-
bardment of the cathode surface makes the surface acti-
vation of steels containing considerable chromium con-
tents occur very rapidly, whereby ion nitriding proceeds 
with no restrictions [7]. The simultaneous cathode sput-
tering accompanying the interaction of ions with the 
cathode, and the low nitrogen partial pressure, inhibit 
the growth of the nitride zone [7]. This can be counter-
acted by applying unconventional nitriding methods 
that use active screens [4].

MATERIAL AND TESTING METHODOLOGY 

The aim of the undertaken tests was to compare the 
effectiveness of the active-screen nitriding process with 
the cathodic nitriding process. The tests were carried 
out on a JON-600 glow-discharge treatment stand with 
a cooled anode supplied by a Dora Power System MSS-
10 pulse power supply.

Two variants of locating the samples in the glow dis-
charge chamber were adopted in carrying out the nitrid-
ing process:  directly on the cathode and on the cathode 
under the active screen (the samples were in the work-
ing chamber at the same time).

The test material was an austenitic steel from the 
group of nickel-chromium steels 304 acc. to standard 
AISI 304 and a steel from the chromium-nickel-molyb-
denum steels 316L acc. to standard AISI.

The ion nitriding process was carried out following 
a mathematical model for experiment planning devel-
oped.

The range of the employed nitriding duration and 
temperature was adopted based on preliminary tests of 
short-duration(2 - 4 h) and low-temperature (325 - 400 
°C) glow-discharge nitriding of austenitic steels [4, 8]. 
The most important objective determining the selection 
of the nitriding parameters was to achieve nitrided lay-
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ers of satisfactory tribological properties, while retain-
ing the good corrosion resistance of the nitrided austen-
itic steel (no occurring chromium nitride precipitation 
processes that would lead to the dechroming of the aus-
tenitic matrix).

TESTING RESULTS

During testing, the value of power supplied to the 
glow discharge-generating power supply was meas-
ured. On this basis, the average power used for nitriding 
was calculated. The power measurements were calcu-
lated from the arithmetic mean from 12 processes. For 
the same nitriding duration the energy expenditures 
were identical.

On the basis of the obtained results it was found that 
the cathodic nitriding of the 304 austenitic steel tested, 
within the adopted experiment plan, resulted in the for-
mation of nitrided layers of a depth contained in the 
range from 0,3 to 2,5 μm, while with the use of the ac-
tive screen, in the range from 0,5 to 7,3 μm. In the case 
of the 316L steel, similarly, the nitrided layers lay in the 
range from 0,56 to 2,51 μm, and with the use of the ac-
tive screen, in the range from 1,07 to 6,34 μm.

The analysis of the presented data indicates that, in 
the identical conditions, the use of the active screen for 
the 304 steel and the adopted testing range results in a 2 
- 6 time increase in the depth of obtained nitrided layers 
compared to the cathodic process.

The surface microhardness of the obtained nitrided 
layers was measured by the Knoop method with asemi-
automatic hardness tester using loads of 245,2 mN (25 G) 
and 490,3 mN (50 G), respectively. The layers produced 
in the cathode nitriding process for both 304 steel and 
316L steel are characterized by surface hardness four to 
five times higher compared to the initial state. The use of 
active screens aiding the short-term ion nitriding process 
resulted in an sixfold increase in hardness relative to the 
initial state (steels 304 and 316L, Figure 1).

An abrasive wear resistance test under dry friction 
conditions in the roller-block arrangement was carried 
out on a T-05 tester. The abrasive wear resistance test 
was performed under a load of 13,73 N and for a dura-
tion of 2 hours (Four 30 minutes’ cycles). A measure of 
abrasive wear resistance was the loss of specimen mass 
after each of the tribological  test cycles. The analysis of 
the specimen mass loss measurement results after the 
abrasive wear resistance test showed that both the cath-
ode ion nitriding process and the process using the ac-
tive screen improved the abrasive wear resistance rela-
tive to that of the material in the initial state. The use of 
the active screen increases the abrasive wear resistance 
of the material compared to classic cathode ion nitrid-
ing (Figure 2).

In the presented photographs of the obtained micro-
structures (Figure 3) we can notice that each of the ap-
plied variants of short-term glow discharge nitriding of 
steels 304 and 316L has caused the formation of a tight, 

uniform nitrided layer on the material surface, which 
has a characteristic zonal structure formed as a result of 
the concentration decreasing into the nitrided surface. 
By comparing the obtained structures we find that the 
use of the aiding screens has resulted in the formation of 
a nitrided layer of a considerably greater thickness, 
caused by the greater depth of nitrogen diffusion into 
the nitrided substrate.

ECONOMIC ASPECTS OF ION NITRIDING 

BY THE “SCTIVE SCREEN” METHOD

Electric energy costs are one of the components de-
termining the overall costs of ion nitriding. The costs 
involved in the heating process and the specimen expo-
sure period are the same for the both variants of the ni-
triding process. During cathode nitriding, the cost of 
electric energy needed for producing a 2,5 μm-deep dif-
fusion layer amounts to 4,3 EUR (400 °C, 4 hrs). At the 
same time, for ion nitriding using the «active screen» 
method, the cost of producing a 2,8 μm-deep diffusion 
layer is, respectively, 3,3 EUR (350 ºC, 4 hrs) and 2,6 
EUR (375 ºC and 2 hrs). The juxtaposition of these 
costs in the case at hand shows clearly that the optimal 
variant is the ion nitriding process conducted in the 
shortest possible duration (in the range of conditions 
defined by the parameters of the carried out). Increasing 
the diffusion layer thickness should therefore involve 
first the increase of the nitriding temperature and only 
then the increase of the specimen exposure duration. 

The empirical relationships provided in study [4] al-
low also one to found that reducing the specimen expo-
sure duration (from 4 to 2 hrs), while simultaneously 
increasing the nitriding temperature (by 25 ºC) does not 
significantly affect the tribological properties.
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Figure 1  Microhardness tests results of austenitic steel surface 
after glow discharge nitriding; a) 304, b) 316L
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screen resulted in a sixfold increase in the hardness of 
the nitrided surfaces compared to the initial state.

The assumed nitriding process parameters enhance 
the abrasive wear resistance. For the steel grades exam-
ined, either of the processes (cathode, cathode + screen) 
improves the abrasive wear resistance as compared to the 
material in the initial state. In addition, an improvement 
in abrasive wear resistance is visible for the active-screen 
nitrided specimens over the cathode nitrided specimens.

The produced surface layers have a zonal structure 
and are composed of the following zones, in succession: 
a CrN nitride zone, a Cr2N nitride precipitation zone, 
and a transition zone built of the phase of γN, or nitro-
gen-supersaturated austenite.

The preliminary analysis of the costs of the nitriding 
process with the “active screen” method shows that this 
method, as compared to classic ion nitriding, enables 
nitrided layers of comparable magnitudes (or even 
greater) to be obtained at costs lower by 31 %. In the 
economic assessment of the both processes, only elec-
tric energy costs and the costs of operation of the spe-
cific equipment by a technical worker were taken into 
account. It can be expected, therefore, that considering 
all costs will result in a further difference in costs be-
tween the compared nitriding processes. 

REFERENCES

[1] Kawałek A., Rapalska-Nowakowska J., Dyja H., Koczur-
kiewicz B.: Physical and numerical modelling of heat tre-

The reduction of the specimen exposure duration 
will not only contribute to the reduction of electric en-
ergy consumption but also result in a decrease in labour 
costs. Thus, considering the reduction of electric energy 
consumption and the shortening of the overall nitriding 
process duration (the cost of a man-hour – the heating, 
nitriding and cooling period) it can be concluded that 
only these two cost types alone demonstrate that ion ni-
triding using the «active screen» method is cheaper by 
31 % compared to classic cathode nitriding.

SUMMARY

At this stage of investigation it was only possible to 
calculate the partial effectiveness. The presented data 
shows that the process of short-term and low-tempera-
ture ion nitriding using the aiding screen is more effec-
tive that the classic cathode process.

The use of the active screen in the nitriding of steel 
304 increased the depth of obtained nitrided layers by 2 
- 6 times relative to classing nitriding, depending on the 
process parameters. The adopted parameters of the ac-
tive screen ion nitriding process caused the formation of 
nitrided layers on the 316L steel surface, which were 2 
- 3 deeper compared to the cathode process.

The adopted parameters of nitriding steels 304 and 
316L caused an increase in the surface hardness of the 
nitrided steels. When nitriding specimens located di-
rectly on the cathode, the hardness increased by 4 - 5 
times relative to the initial material. Using the active 

b) Steel 316L

0,05

52,85
100,8

136,8
162,8

10,92
0,670,630,09

0,13

0,23

0,4
Active screen
Cathode

Inital state

0

40  

80

120

160

0

0,1

0,2

0,3

0,4

0,5

30 60 90 120
Time / min

W
ei

gh
t l

os
s/ 

m
g

W
ei

gh
t l

os
s / 

m
g

a) Steel 304

0,05

0,09

52,2

87,9

111,2

0,17
0,26

0,48

128,51

0,29

0,12
0,09

Active screen
Cathode

Inital state

0

40  

80

120

160

0

0,1

0,2

0,3

0,4

0,5

0,6

30 60 90 120
Time / min

W
ei

gh
t l

os
s/

 m
g

W
ei

gh
t l

os
s

/ m
g

Figure 3  Microstructures of the 304 steel surface layer after 
short-term glow discharge nitriding. Sample 
position: a) cathode, b) cathode + screen

Figure 2  Wear resistance after short-term and low-
temperature nitriding: a) 304 steel, b) 316L steel
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