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Abstract: In industry, mechanical components must operate under conditions conditions such as variable
load, speed, temperature and various chemical environments. Materials are selected depending on their
application. They are selected for commercial availability, cost and properties such as strength, hardness
etc. Many engineering errors are due to fatigue, corrosion and poor wear resistance occurring on its surface.
This causes cracks in the surface that shortens the service life of the material. Also, the surfaces of materials
are exposed to strong thermal, chemical and shock loads. Chosen for this research work, AISI 301LN
materials have low surface hardness and poor wear properties, which can limit their applications were
components mate each other. AISI 301LN stainless steel was treated with plasma nitriding at a low
temperature of about 650°C. It was observed that a mixture of ferrites and gradually nitrogenous matter
accumulates in the following layers namely iron nitride. Further nitriding was carried out to 20 hrs, 40 hrs,
60 hrs and the specimen were named as PL1, PL2 and PL3 respectively. It was observed that Cr-N layer
were formed on the outer surface. Wear tests were carried out on a tribological wear test machine to study
the wear behavior. A comparison is made between treated and untreated specimens. The microstructures are
investigated with scanning electron microscope.

1. Introduction

Austenitic stainless steel is widely used due to its
resistance to corrosion, but some industrial applications
require increased wear characteristics and tendency to
sensitization [1-3]. These steels offer many advantages
such as excellent cryogenic properties, corrosion
protection and biocompatibility. Thus, these steels find
wide applications like chemical Industry, ocean
technology, food processing sectors, biomedicine,
petrochemical industries etc. When they are alloyed with
nitrogen, austenitic stainless steels have a more stable
austenitic structure, better mechanical properties and
better wear resistance. A variety of surface hardening
methods are available, and the best surface modification
method is selected to improve performance [4-6].

The research and development continues in stainless
steel for the generation of new ideas to enhance
mechanical properties. In the 1980’s, the enhanced
properties of austenitic stainless steel has became
developed widespread. Thereby, the application of this
material is limited due to poor wear [7-10]. Various
surface hardening processes are available to improve
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tribological wear characteristics, but some processes are
high cost. The alternate applies to conventional gas,
plasma and salt bath nitriding. Among the different
surface hardening methods available, nitriding offers the
advantage of high surface stability [11-14]. Surface
hardening process are been used to enhance the aspect of
wear and hardness. In addition, thermo chemical low
temperature nitriding is a method of improving the
performance of austenitic stainless steels without
affecting corrosive properties of the alloy [15-19]. Due
to the formation of supersaturated solution of nitrogen in
austenite, commonly referred to as expanded austenite
that provides hardening, improved tribological
properties, corrosion resistance respectively.  The
success of these materials is, they are produced relatively
cheap and provide mechanical properties from moderate
strength to adequate ductility [20-25].
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2. Experimental Details

2.1 Material Composition

Chosen for this research work, AISI 301LN Stainless
steel were finalized. The material composition is as
follows Carbon 0.03%, Manganese 1.99%, silicon 0.9%,
Phosphorus 0.06%, Sulphur 0.015%, Chromium 16.5%,
Nickel 6.0%, Nitrogen 0.11% and remaining Iron. The
pin specimens were sliced to 12 mm diameter and 40
mm length. The dimensions of the disc are 150 mm
diameter and thickness of 10 mm.

Dise - 150 mm dia, 10
mem thickness

Pin - 12 mm dia, 40
mm length

0

Fig. 1. AISI 301LN Specimens

2.2 Treatments done on the Material

In a vacuum, high voltage electric energy is been turned
out to plasma, were nitrogen ions are accelerated into the
work piece. Due to ion bombardment, work piece gets
heated and generates active nitrogen. The samples were
treated to 20 hrs, 40 hrs, 60 hrs. Plasma nitriding
provides better case depth and uniform surface finish.
Based on the process parameters and the material
composition, a diffusion layer is formed with nitrogen
deposited up to 0.8mm on the surface. A compound zone
is formed on the surface with micron range thickness.
The hardness is changed by diffusing nitrogen in the
solid solution, while the hardness increases in the form
of nitride. Due to this diffusion towards the surface, fine,
coherent precipitates are formed. The precipitate exists
in both grain boundaries and within the lattice structure.
These iron nitrides and fine precipitates, increases the
hardness of the material. As a result nitrogen is
transferred to the workpiece, Cr-N layer penetrates
inside by diffusion process. The plasma nitriding process
provides wear, fatigue and corrosion resistant surfaces.

2.3 Wear Test

Fig. 2. Wear Test Tribometer

The samples were cleaned well by various grades of
emery papers, polished well in disc polishing machine.
Later the samples were etched using sulphuric acid for
about 5 minutes and dried. With pin on disc tribometer
as shown in Fig 2, the wear tests were carried out and the
basic layout is shown in the Fig 3. With the disc of same
grade treated to saturated limit, the disc were rotated at
1500 rpm, load of 20N is applied at 3 minutes in sliding
conditions without any lubricating agent. The treated
samples were replaced one by one during wear test and
the weight loss was monitored. The weight loss was
determined, by measuring the specimen weight before
and after applying the load. The wear characteristics and
volume wear loss was tracked. Surface morphology was
observed using SEM filtration. It was found that the
volume loss of wear is to be 5.61 mm? in the untreated
sample. The Volume loss of PL1, PL2, PL3 was noted as
on 4.41 mm?, 3.42 mm? and 2.01 mm? respectively.

Dirsction of load

Pin

N

Fig. 3. Layout of Wear Test Process
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3. Results and Discussion

3.1 Microstructure investigation

Fig. 4. Untreated AISI 301LN specimen SEM Image

It was observed that small cracks with micro-etching pits
were noted. Material peels off on the surface of an
untreated sample have been noted. It is due to low
strength and low hardness of the material and the load
applied during the wear test as shown in Fig 4.

Fig. 5. SEM Image of PL1 specimen

Nitrogen alloy makes a significant contribution to
improved slip and corrosion impact of stainless steel as
shown in Fig. 5. Since nitrogen alloy has higher
solubility in solids, it reduces the hardening of the
material. Cr-N were formed in on the surface as
expanded austenite layer. Due to the constant
sedimentation of solid particles, the expanded austenite
layer formed fine precipitation on austenite surface
providing a lamellar austenite zone and Cr-N as shown
in Fig 5.

S3400N 15.0kV 11.7mm/x500 S ; 5 00um

Fig. 6. SEM Image of PL2 specimen

It was observed that nitrogen as a solid solution has
enhanced more hardening, and improved the grain size.
Nitrogen is an austenitic stabilizer which reduces the
nickel content for stabilization. Doping with nitrogen
decreases the ability to form ferrite compounds. The
material Peel turned out to be less, since there was
increase in strength and hardness of the material which
was compared against untreated specimen as shown in
Fig 6.

1.5minxs0Q SE_~ " Ag6um

Fig. 7. SEM Image of PL3 specimen

The improvement in nitrogen content, in some
temperature conditions, determines the precipitates of
chromium nitirdes limits the austenite grains leads to
decrease the resistance in crystalline corrosion. To
eliminate this, nitridization is done to increase the
surface hardness without affecting the property of
material. The formation of chromium nitrides in
austenitic stainless steel induces the chromium reduction
leads the material protection towards corrosion as shown
in Fig 7.

4. Conclusions

Very few researches have been made on AISI 301 LN
Stainless steel by plasma nitriding process. As a
challenge of taking AIST 301LN material and problem
for components exposed to high temperature applications
like turbine blades were been subjected to the low
temperature plasma diffusion process. The conclusions
drawn from the work done are: When examining surface
morphology, white areas during the wear test determines
the austenite, formed as expanded austenite. On



E3S Web of Conferences 309, 01182 (2021)
ICMED 2021

https://doi.org/10.1051/e3sconf/202130901182

continuing the nitriding process, it has been expanded to
the Cr-N; extremely nitrides of hard layer are composed
of ferrite-nitride mixtures. Thick compound layers were
identified in all plasma nitrided specimens which were
noted in the diffusion zone. The volume loss of wear
resistance of the untreated sample was 5.61 mm? and the
sample, nitrided with plasma for 60 hrs, turned out to be
2.01 mm?’. The samples were undergone for hardness
tests using Vickers hardness machine. It was noted that
322 H, for an untreated specimen. And for plasma
nitride specimen it was found as 711 Hy,, 729 H, 761 H,
for PL1, PL2 and PL3 respectively. The formation of the
FesN, FesN and CrN on compound layer has improved
the wear resistance of the material.
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