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Abstract

Investigations have been made into the corrosion behavior of gas nitrided
M50 bearing steel in corrosive media such artificial sea water solution. Initially,
the material is prepared by employing a tool like electrical discharge machin-
ing (EDM) cutting processes to create the precise needed dimensions of sam-
ple. Nano coatings play an important role in improving hardness, corrosion and
wear resistance of metal, physical vapor deposition coating method by using TiC
and N, was adopted for nano structured M50 maternsite Steel. In this paper, to
improve corrosion resistance, the material was gas nitrided. Using a variety of
parameters, the electro potentiodynamic test is used to examine the corrosion
resistance and surface roughness of these materials. With the aid of an electron-
ic weighing balance, the necessary chemicals are added to create the seawater
solution. The prepared solution is made available to the materials. Finally, the
materials are taken away throughout various time frames. A potentiostat is used
to measure the corrosion rates. Open circuit voltage (OCV) has been used to
characterize corroded surfaces. For chosen samples with determined corrosive
resistance, tafel plots and open circuit potential (OCP) test graphs are created.
'The findings demonstrate that heat treatment improves the corrosion resistance

of M50 steel.
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Introduction

M50 is a special kind of steel created and manufactured to satisfy the exact-
ing specifications of bearing applications. Bearings are essential parts utilized in
a variety of machines and pieces of equipment to enable friction-free rotation-
al movement. To acquire the desired hardness and toughness, bearing steels are
subjected to specific heat treatment procedures, such as quenching and temper-
ing [1]. With this heat treatment, the steel is guaranteed to have the necessary
microstructure and mechanical characteristics to match the strict specifications
of bearing applications [2]. The mechanical properties of a steel, which are typi-
cally ductility, hardness, yield strength, tensile strength, and impact resistance, are
examined through heat treatment. In addition to creating hardness and softness,
heat treatment also improves mechanical properties like tensile strength, yield
strength, ductility, corrosion resistance, and creep rupture [3]. Additionally, these
processes improve the machining’s efficiency and adaptability. It is straightfor-
ward to alter the mechanical properties using heat treating to satisfy a particular

design goal [4]. A premium melting alloy is M50. It offers exceptional resis-
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tance to oxidation and great resistance to multiaxial stresses.
Vacuum-induction melting, and vacuum-arc remelting tech-
niques are used to refine the product. It has a high compressive
strength that makes it ideal for a tool made of high-speed steel
[5]. M50 steel is ideal for demanding bearing applications,
especially in high-speed and aerospace applications, because
of its exceptional high-temperature performance, wear resis-
tance, and toughness. Obtaining the impact of heat treatment
on bearing steel at various temperatures is the first goal of the
current investigation [6]. Recognizing the phase transitions in
heat-treated bearing steels and analyzing heat-treated bear-
ing steels behave when exposed to seawater solution. The pri-
mary objective of the work is to investigate the behavior of
the bearing steel before and after solutionizing and aging at
various temperatures (using mechanical, corrosion, and OCP
methods) [7]. Nanostructured coatings for M50 steel is used
to modify surface properties like wear and corrosion resistance,
where nitrogen is deposited on the surface of the component.
Nanomaterials deposition will enhance major properties of
material which can be done in physical and chemical deposi-
tion methods, where nano diamond coatings is sprayed on the
metal surface in uniform way in presence of heat to cover the
entire surface of specimen. Cost cutting and improvement of
physical properties was obtained through nano coatings [8].

Materials and Methods
Materials

High-speed tool steel M50 is made of and is a member
of the M series of steels. It is renowned for having a superb
balance of toughness, wear resistance, and high hot hardness,
making it appropriate for use in a variety of cutting tool ap-
plications [9]. Milling cutters, reamers, broaches, taps, drills,
and other high-performance cutting tools are frequently made
from M50 steel [10]. Gas nitriding is a surface hardening
method that can be used to improve the wear resistance, fa-
tigue strength, and overall surface hardness of M50 steel and
other steel alloys [11]. When M50 steel is subjected to gas
nitriding, it is heated to temperatures between 500 °C (932 °F)
and 600 °C (1112 °F) while being exposed to a nitrogen-rich
environment. The nitrogen atoms infiltrate into the steel’s sur-
face layer throughout the process, generating a nitride layer.

When preparing a specimen with EDM cutting, an elec-
trode (tool) is used to create a regulated electrical discharge
between the workpiece, which is normally submerged in a di-
electric fluid [12]. The substance is melted and vaporized by
the discharge’s extreme heat, which is subsequently removed
by the dielectric fluid. The workpiece is efficiently cut or
shaped in accordance with the intended design by repeating
this procedure in a succession of quick electrical discharges.
The specimen must meet the specifications of 25 mm starting
diameter and EDM square-cut samples measuring 10 mm x
10 mm.

'The seawater solution procedure addresses obtaining clean
and filtered water. The foundation of sea water solution should
be clean, distilled, or deionized water. Make sure the water is
clear of pollutants and impurities that can affect how accurate

the readings are. A 1000 ml glass jar is filled with 800 ml of

distilled water. The chemicals are weighed in accordance with
the specifications using an electron weigh balance machine,
and then they are added to the initial solution. The previous
solution is now diluted with distilled water until it contains
1000 ml. Following the complete dissolution of the added

compounds, the solution is used for an experiment.
Methodology

A working electrode, a reference electrode, and a counter
electrode should be prepared for a three-electrode system. The
appropriate substance for the electrochemical reaction is typ-
ically coated on or manufactured into the working electrode.
Metals, carbon-based materials, and modified electrodes with
particular catalysts are popular options [13].

Select a reference electrode with an electrochemical po-
tential that is stable and well-defined. The standard hydrogen
electrode is the reference electrode that is most frequently
used, but other references can also be utilized, such as the
saturated calomel electrode or the silver/silver chloride elec-
trode, depending on the needs of the experiment. In order to
complete the electrical circuit, the counter electrode—typical-
ly constructed of platinum or graphite—is required. Connect
the potentiostat to the reference electrode and calibrate it by
changing the voltage until it matches the reference electrode’s
known potential before beginning the real measurements. As
a result, the experiment’s potential measurements are accurate

[14].

Place the working, reference, and counter electrodes in
an electrolyte cell or solution that is appropriate for the ex-
periment at hand. Using the potentiostat, apply a regulated
voltage to the working electrode relative to the reference elec-
trode. The voltage can be continually swept or changed over
a particular range. The electrochemical reaction occurring at
the electrode surface is directly related to the resultant current
that travels through the working electrode. Depending on the
experiment, the current can be measured in a variety of ways,
including voltammetrically (sweeping the voltage and mea-
suring the resulting current), potentiostatically (maintaining a
constant voltage), and amperometrically (measuring a steady-
state current). To comprehend the electrochemical behavior of
the species under study, analyze the collected current-voltage
data. In order to do this, the data must be plotted as a voltam-
mogram, a graph that displays the current as a function of the
applied voltage. Extract important electrochemical informa-
tion from the voltammogram, such as peak currents, oxidation
and reduction potentials, and curve shapes. These variables
reveal details regarding the species’ redox behavior, kinetics,
and stability. To determine the reactivity and stability of the
electrochemical system, compare the collected data with es-
tablished reference values or theoretical hypotheses.

Corrosion behavior of heat treated M50 steel

Testing materials like M50 steel for corrosion resistance
using electro-potentiodynamic corrosion is a routine practice.
'This method of testing evaluates the corrosion behavior of
the material by applying a regulated voltage and measuring
the resulting current. Further study using potentiodynamic
methods is also possible. For example, the polarization curve

NanoWorld Journal | Volume 9 Supplement 4, 2023

S362



Corrosion Behavior of Gas Nitrided Bearing Steel

Begori etal.

can be fitted to Tafel equations or impedance data can be ex-
tracted using electrochemical impedance spectroscopy, giving
more thorough understanding of the corrosion behavior. Pre-
pare test specimens made of M50 steel that are the proper
size and shape. Make sure the surfaces are spotless and devoid
of any impurities that can affect the test results. The type of
electrode(s) to employ in the test arrangement should be de-
cided. A counter electrode and a reference electrode are typical
options. The working electrode is a piece of M50 steel. Choose
an electrolyte solution that is appropriate for the desired appli-
cation or testing needs and simulates a corrosive environment.
To accurately evaluate the M50 steel’s corrosion resistance, the
electrolyte needs to replicate the environmental factors that
the material would encounter. The electrochemical cell should
be set up for testing. The M50 steel specimen, reference elec-
trode, and counter electrode are normally submerged in the
electrolyte solution. Ensure solid setup and adequate electrical
connections. Measurement of the OCP leave the system at
rest for a while to allow it to attain a stable condition. The M50
steel specimen’s OCP in the electrolyte should be measured.
This potential shows the material’s initial corrosion behavior.

Apply a controlled potential while scanning the poten-
tial within a predetermined range to the working electrode
(M50 steel). Both the cathodic (negative) and anodic (pos-
itive) orientations sweep the potential. Through scanning, a
polarization curve is produced that contains details regarding
the kinetics of corrosion, its potential (E_ ), and its current
density (I ). Record the resulting current response at various
potentials during the potentiodynamic scan. The data gathered
can be used to determine variables like polarization resistance
(Rp), corrosion rate, corrosion potential, and passivation po-
tential. These factors aid in assessing M50 steel’s behavior and
corrosion resistance. To evaluate the corrosion resistance of
M50 steel, analyze the collected data and compare it to es-
tablished standards or reference materials. Aspects including
corrosion potential, rate, and the existence of passivation or
active corrosion zones should be taken into account.

Results and Discussion

We can observe that the OCP test was conducted in the
plot below (Figure 1). A total of 10 samples of M50 material
underwent heat treatment, and the OCV corrosion rate test
was conducted. We can see in the graph above that the corro-
sion resistance of the 10 samples has changed across a variety
of time periods. The corrosion resistance will break down and
fully lose its strength of resistance when the corrosion line is
diverted. Therefore, it took more time to obtain the corrosion
resistance in graph for sample 6. Table 1 presents E__values
for gas nitrided samples.

Step 1

The corrosion resistance in the anodic region in ﬁgure 2is
somewhat reducing its resistance. The breaking point of a line
is when it becomes entirely straight. All remaining corrosion
resistance has been released. Therefore, the corrosion rate of
the M50 at 500 °C for 8 h is 38.345. As a result, other samples
with greater corrosion resistance should be used instead of the
raw sample.

e
L .00 1 SO 1011 — D104 — o 11010 s — e p— e =4 6.9, 01 0 — AN e — o 301,005 s — ORS00

v o E) » L) E) £ ™ w w

Figure 1: OCP plot for sample 1 to sample 10.
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Table 1: E__ values for gas nitrided samples.
Sample | Sample E_in(mv) Corrosion rate ocvV
number name corr (mpy)
1 500-08h 498.772 38.245 -0.5031V
2 500-12h -576.707 27.6684 -0.4785V
3 500-24h -679.203 20.1234 -0.4018V
4 520-08h -524.729 44.2781 -0.4765V
5 520-12h -302.988 4.25817 -0.1925V
6 520-24h -654.711 112.123 -0.5074V
7 550-08h -302.371 25.6767 -0.3461V
8 550-12h -620.824 64.6518 -0.5764V
9 550-24h -293.047 2.0207 -0.186V
10 Raw sample | -437.247 9.34665 -0.4896V
A /
Step 2

The corrosion resistance in the anodic region in figure 2 is
somewhat reducing its resistance. The breaking point of a line
is when it becomes entirely straight. In this figure, the M50
sample is heat treated for 8 h at a corrosion rate of 27.6684
mpy before being gas nitrided at 500 °C for 12 h, which offers

superior corrosion resistance.
Step 3

'The corrosion resistance at the anodic region in figure 2 is
somewhat lowering its resistance. The breaking point of a line
is when it becomes entirely straight. The M50 sample in this
plot is gas nitrided at 500 °C for 24 h, which further lowers
the corrosion rate and improves corrosion resistance compared
to the samples that are heat treated at 500 °C for 8 or 12 h,
respectively, with corrosion rates of just 20.1234 mpy.

Step 4

As shown in figure 2, the corrosion resistance in the anodic
zone is only marginally reducing the resistance. The breaking
point of a line is when it becomes entirely straight. The M50
sample in this plot is gas nitrided at 520 °C for 8 h,and it hasa
corrosion rate that is higher than all other M50 samples tested
at 500 °C (44.2781 mpy). Therefore, this sample is likewise

unsuitable since it does not provide a very low corrosion rate.
Step 5

'The corrosion resistance at the anodic region in figure 2 is
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slightly reducing the resistance of it. The breaking point of a
line is when it becomes entirely straight. Given that the M50
sample in this plot underwent gas nitriding at 520 "C for 12
h and had the second-lowest corrosion rate of the 10 samples
we analyzed, we can conclude that these conditions represent
the ideal temperature and time for a sample to undergo heat
treatment. With a corrosion rate of 4.258 mpy, this is a good
replacement for the raw sample since it offers greater corrosion
resistance than any other sample.

Step 6

'The corrosion resistance at the anodic region in figure 2 is
slightly reducing the resistance of it. The breaking point of a line
is when it becomes entirely straight. The M50 sample, which
was gas nitrided at 520 °C for 24 h, has the greatest rate of
corrosion of any heat-treated sample, measuring 112.123 mpy.

Step 7

As shown in figure 2, the resistance to corrosion in the
anodic zone is somewhat lowering. The breaking point of a
line is when it becomes entirely straight. Although the M50
sample in this plot has strong corrosion resistance with a cor-
rosion rate of 25.67 mpy and was gas nitrided at 550 °C for 8
h, it is still not ideal because we have alternative samples with
superior corrosion resistance qualities.

Step 8

'The corrosion resistance at the anodic region in figure 2 is
slightly reducing the resistance of it. The breaking point of a
line is when it becomes entirely straight. Since the corrosion
rate of the M50 sample, which was gas nitrided at 550 °C for
12 h, was much higher than that of the other samples in this
plot (65.65 mpy), it was not appropriate to use this sample in
place of the raw sample.

Step 9

The corrosion resistance at the anodic area is somewhat
lowering the resistance of it in figure 2. The breaking point of
a line is when it becomes entirely straight. The M50 sample,
which was gas nitrided at 550 °C for 24 h, is the best sample in
the group and can take the place of the raw sample since it has
the best corrosion resistance of all the 10 samples tested and a
very low corrosion rate of 2.027 mpy.

Step 10

'The corrosion resistance at the anodic region is somewhat
lowering the resistance of it in figure 2. The breaking point of a
line is when it becomes entirely straight. With a corrosion rate
of 119.34 mpy, the M50 sample in this plot has the greatest
corrosion rate of all the samples studied here and is not heat
treated. It also has very poor mechanical qualities.

Conclusion

Based on the data and graph above, we can draw the
conclusion that heat treatment and temperatures at which
solutions are formed have a significant impact on mechanical
attributes and corrosion rate values. However, the best tem-
peratures must be chosen in order to provide the best mechan-
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Figure2: E__and I _plots for sample 1 to sample 10.
A J/

ical qualities and corrosion resistance properties. The findings
of the gas nitrided heat treatment on the bearing steel M50
material demonstrate an OCV incorporating corrosion resis-
tance. We can obtain materials that are gas nitrided coated by
doing the heat treatment on various samples at various tem-
peratures. After the corrosion test was completed, the material
M50 with a temperature of 520 °C for 12 h had a lower corro-
sion rate than the other samples. As a result, the 520 °C at 12
h have the lengthy amount of time to resist by employing heat
treatment procedure and corrosion test. In this experiment, we
found that the optimal temperature is M50 at 520 °C for 12
h, which has better corrosion resistance than any other sample
tested. The corrosion resistance also improved on the gas ni-
trided samples when compared to the raw sample, so we can
conclude that heat treating improves the corrosion resistance
of the samples and they also improve the mechanical proper-
ties of the samples.
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