
Evaluation of Two Different Pulsed Plasma
Nitriding Conditions on Steel Properties

Fabio Da Costa Garcia Filho, Gabriel Bartholazzi Lugão de Carvalho
and Sergio Neves Monteiro

Abstract The thermochemical treatment of Pulsed Plasma Nitriding is employed
as an alternative to improve the surface properties of metals, such as: increase
surface hardness, improve wear resistance, extend fatigue life and also create a
barrier to the diffusion of hydrogen into the steel to reduce the susceptibility to
hydrogen embrittlement. In this study, the effect of such treatment on ASTM A36
steel is analyzed through two different nitriding conditions: 5 h and 660 Pa for the
first condition and 15 h and 720 Pa for the second one. In both cases, the tem-
perature was held at 300 °C. Thus, in order to verify the results, Vickers hardness
analysis and metallographic observation were carried out under an optical micro-
scope. Only the second condition was able to achieve what was proposed, the
formation of a uniform nitriding layer and an expressive increase of hardening on
the surface.
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Introduction

The development of technologies capable of promoting substantial improvements
in material performance has been well researched in the last decades, which has
leaded to the development of various surface treatment techniques. The interest in
developing such technique is necessary to increase the useful life of materials under
service conditions. This property is directly related to the quality of the material
surface as deterioration processes of materials as mechanical wear and corrosion
reactions occur in the surface region [1–4].
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In this context, thermochemical treatment of nitriding is known as an efficient
way to improve the surface properties of ferrous metals [5–7]. In this treatment the
diffusion of nitrogen atoms is favoured on the surface of the materials, which results
in the improvement of properties such as surface hardness, fatigue life, wear
resistance, lower friction coefficient. Also, this creates a barrier to the diffusion of
hydrogen, making the material less susceptible to hydrogen embrittlement [8–12].

Among the nitriding methods, the pulsed plasma nitriding technique is the most
efficient [13–15]. Some advantages of this technique are:

• High reactivity of nitrogen when used as plasma at low pressures.
• Use of non-toxic gases, hydrogen and nitrogen. Also, low pressure contributes

to avoid risks related to the environment and health.
• The use of a pulsed source instead of a typical DC source makes it possible to

obtain a higher proportion of more reactive ionic species, accelerating the for-
mation of the layer.

In the present research the treatment of pulsed plasma nitriding in ASTM A36
steel was carried out in order to obtain a uniform and thick surface layer. Two
different treatment conditions were employed. Finally, it was measured the Vickers
hardness and average layer thickness of the samples which the treatment was
effective.

Materials and Methods

The first step in this process was to obtain the metal samples to be used at the
Pulsed Plasma Nitriding treatment from ASTM A36 steel constituent parts.
Figure 1 shows the samples that were cut from a tube section in the form of a
parallelogram with dimensions 15 mm � 10 mm � 6 mm. Table 1 shows the
typical composition of ASTM A36 steel.

After the samples were cut, a cleaning process is required to remove any kind of
grease, oxidation and possible surface contamination. This step is very important to
ensure that the treatment is as efficient as possible. The parameters of the two
nitriding conditions are presented in Table 2.

In order to evaluate if the desired goal was achieved the samples were polished
and chemically attacked with a 5% nitric acid solution to reveal the microstructure
and the nitride layer. The samples were analysed in a Leica DMRM optical
microscope. In the Vickers hardness investigation, an E. Leitz/Wetzlar equipment
with a 50 g load during 30 s was employed. The average thickness of the formed
layer was measured by the image processing software, Image Pro Plus©.
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Results and Discussion

Figure 2a, b present sample micrographs after the treatment with condition 1 (C1)
and condition 2 (C2), respectively.

It is evident that the nitriding treatment carried out in the sample C2, with a
longer treatment time and richer N2 and H2 environment, was more efficient, as the
formed layer presents a homogeneous appearance throughout the specimen length.
In sample C1, the layer formed is extremely thin and it does not show uniformity
throughout the specimen. There are areas with formation of layer and spots without
the visible layer therefore it did not reach the initial goal. The average thickness of
the formed layers is shown in Table 3.

Therefore, the cross-sectional and longitudinal Vickers hardness test was per-
formed only on the C2 sample since the C1 sample did not reach the expected layer
thickness and uniformity.

Fig. 1 Process to obtain the samples of ASTM A36 steel

Table 1 Typical composition of ASTM A36 steel

Element C Mn P S Si Cu

Weight % To 0.28 0.6–0.9 To 0.04 To 0.05 To 0.04 Least 0.2

Table 2 Parameters of treatment

Time (h) Pressure (Pa) Gas mixture (N2/H2 %) Frequency (Hz) Temperature (K)

C1 5 660 (70/30) 600 573

C2 15 720 (70/30) 600 573
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Figure 3 shows the Vickers hardness profile from the surface along the entire
depth of the sample.

It is verified that the nitrites layer hardness is quite high, exceeding the hardness
of the base metal by a factor of approximately six times and reaching a maximum
hardness of 931 HV. It can also be noted that the influence of the treatment extends
beyond the benefits of the nitride layer. This is evident at 50 lm where there is no

Fig. 2 Microstructure of the samples after the treatment under condition 1 (a) and condition 2 (b)

Table 3 Average thickness of the layers

Treatment condition Average thickness (lm) Standard deviation

C1 4.2 2.39

C2 19.3 0.93

0 100 200 300 400 500
0

200

400

600

800

1000

Vi
ck

er
s 

H
ar

dn
es

s 
(H

V)

Distance from the surface

Vickers Hardness

Fig. 3 Vickers hardness profile of the sample after treatment under condition 2
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visible layer and the sample hardness is much higher than the base metal hardness,
386 HV against 147 HV.

Conclusions

• The nitriding process of ASTM A36 steel can be performed as a way of
obtaining the aforementioned properties, such as higher hardness, longer fatigue
life, lower surface friction and higher wear resistance, with the ultimate goal of
increasing the material service life.

• The pulsed plasma ionic nitriding process (condition 2) proved to be efficient in
the surface treatment of ASTM A36 steel, ensuring a significant improvement in
surface hardness. Furthermore, a maximum value of 931 HV and thick and
uniform layer was obtained.
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