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Abstract. Martensitic stainless steels find less application in commercial
products as they have high hardness, strength, and wear resistance. It lacks
in ductility and exhibits moderate corrosion resistance compared to other
stainless steels. As a result, annealing process were been used to strengthen
the ductility and maintain stability in hardness of martensitic stainless steel
material. AISI 410 was chosen for this research work and the samples were
made to cylindrical shape for the following dimensions: 50 mm length and
08 mm diameter. The specimens were annealed at temperatures of 730°C,
830°C, and 930°C. The untreated material is kept aside for results
comparison. All specimens were subjected to wear test using a pin on disc
wear test apparatus. All the specimens were examined using a scanning
electron microscope for the surface morphological changes. The outcomes
were compared and the best specimen for the required application was
chosen. It was discovered that there was a phase change from the
martensite stage to the residual austenite stage.™

1 Introduction

Stainless steel is known for its corrosion-resistant properties, due to the presence of
chromium in the steel. The chromium in the air combines with the oxygen to generate a thin
coating of oxide on the stainless steels surface, which helps to protect it from further
corrosion [1-4]. In addition to its corrosion resistance, stainless steel is durable and strong,
making it a popular material for a wide range of applications. Martensitic stainless steel is
well-known for its hardness and strength [5-8]. The ductility of the material is found to be
poor. AISI410 is a specific grade of martensitic stainless steel, which is known for its high
strength, hardness and wear resistance. The carbon content makes cementite in combined
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form and provides a martensitic structure [9-13]. Martensitic stainless steel can be further
hardened by surface treatment process to further increase its strength and wear resistance.
By heat treatment process, the strength, hardness can be stabilized by promoting ductility.
The addition of other elements like nickel and molybdenum helps to improve its corrosion
resistance, although it is not as corrosion-resistant like austenitic stainless steels. AISI 410
is widely utilized in a wide range of applications, including cutlery, surgical instruments
and valve parts [14-17].

Annealing is a heat treatment technique that includes heating a material, keeping it at a
given temperature for a certain period of time, and then gently cooling it to change its
characteristics. In the case of martensitic stainless steel AISI410, annealing can help to
improve its machinability and ductility, reduce internal stresses and improve its resistance
to cracking during processing [18-22]. The annealing process for AISI 410 typically
involves heating the steel to a temperature between 723°C to 950°C, depending on the
desired properties, and holding it at that temperature for a period of time, typically between
45 minutes to 3 hours. The steel is then cooled slowly in the furnace to reduce the risk of
cracking or warping [23-27].

The annealing process and conditions for AISI 410 may vary depending on the desired
properties and the specific application. Full anneal may be used to achieve maximum
softness and ductility, while a partial anneal may be used to achieve a balance of strength
and hardness [28-31]. It is important to note that annealing can also reduce the hardness and
strength of the stainless steel. As a result, the process must be closely monitored to ensure
that the necessary qualities are obtained without affecting the overall performance of the
stainless steel [32-35].

2 Experimental Procedures

2.1 Materials specification

The elemental composition of the stainless steel used in this investigation was determined
to be chromium 12.28%, sulphur 0.045%, phosphorous 0.0027%, nickel 0.50%, silicon
0.41%, carbon 0.21%, manganese 0.74% and balance iron. As indicated in Fig.1, the
specimens were produced to the following dimensions: 50 mm length and 8 mm diameter.

Fig.1. AISI410 Stainless steel samples
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2.2 Material processing and testing

AISI 410 stainless steels were annealed at temperatures of 730°C, 830°C, and 930°C
respectively as the annealing process emerges from 723°C and an untreated sample was
held aside to analyze the microstructural results from Scanning electron microscopy and
hardness tests. Before the test, the specimens were completely cleaned using acetone, and
the disc material was surface hardened to saturated level. All the samples were undergone
through a wear test with pin on disc machine and the wear loss was calculated. The pin on
disc test is a widely used tribological test that involves placing a small cylindrical sample
known as the "pin" against a flat rotating disc under 10N load with a speed of 750 rpm [31-
35]. The test helps to evaluate the friction and wear behavior of materials in various
industrial applications, providing valuable information on their wear resistance, coefficient
of friction and surface damage under different conditions.

The wear loss increases as the temperature rises. The wear losses for the sample treated at
730 °C, 830 °C, 930 °C were identified to be as 11.42 mm?3, 14.28 mm?>, 25.71 mm3,
respectively. This implies that the material is more resistant to wear and tear at greater
temperatures promoting the material with ductility and stabilized with hardness.

3 Results and discussion
3.1Hardness Measurements

The hardness of untreated and annealed AISI 410 stainless steel was measured. The
untreated AISI 410 stainless steel has a hardness value of 40HRC, whereas the annealed
samples subjected to 730°C, 830°C, 930°C were identified to be with 33 HRC, 29 HRC,
and 25 HRC respectively.

3.2 Scanning Electron Microscope Microstructure

Scanning electron microscope is a valuable tool for wide range of scientific and industrial
applications. It is used to obtain high-resolution images of the surface of a sample, but they
can also be used for other types of imaging and analysis, such as backscattered electron
imaging and energy-dispersive X-ray spectroscopy. These techniques can provide
information about the composition, structure, and surface morphology of the material [28-
30].

Several studies have offered findings on the AISI 410 martensitic stainless-steel material.
All the sample microstructures were recorded using a scanning electron microscope. It was
noted that the surface of an untreated sample was found to be smooth as seen in Fig. 2. It is
due to the presence of cementite, which is extremely hard. As a result, the peeling of the
material was found to be less, resulting in a volume wear loss of 8.42 mm?>. The martensitic
phase change remains constant; the hardness remains constant as 40 HRC.
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Fig.2. AISI410 Untreated Sample Microstructure

Fig.3 depicts the microstructure of an annealed sample at 730°C. It was observed that a
very fine peel of material was obtained. This is due to the load acting on the specimen.
Because of the high hardness, less material peeled off during the wear test. The cementite
content is not degraded, and the martensitic phase change remains constant. The ferrite and
carbide compositions remained unchanged, and the wear loss was determined to be 11.42
mm?. With slight decrease in hardness, the grain structure was found to be fine grains.
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Fig.3. Microstructure of Annealed specimen at 730°C

Fig.4 depicts the microstructure of sample that has been annealed to 830°C. The softness of
the metal increases as the duration of treatment increases. As the cooling process is longer,
cementite decomposes to pearlite structure, increasing the material's ductility. The
material's hardness stability is maintained, resulting in a volume wear loss of 14.28 mm?.
During the wear test, it was discovered that the material peel was high, resulting in a
medium coarse grain structure.



E3S Web of Conferences 391, 01108 (2023) https://doi.org/10.1051/e3sconf/202339101108
ICMED-ICMPC 2023

g ¥ e
50 m EHT = 15.00 kV Signol A= SE1 Dute: 10 Nov 2022 GRIET

WD = 8.57 mm Mag= 500X Timo: 11:55:19 DSTHST
Fig.4. Microstructure of Annealed specimen at 830°C

Fig.5 depicts the microstructure of annealed sample treated to 930°C. The ductility of the
specimen increases and the wear property begins to increase. As the duration of cooling
process increases ,the cementite components entirely decomposes and the phase structure
shifts from martensite to retained austenite. As a result, coarse pearlite structure is
generated in the microstructure, resulting the hardness and ductility of the material to be in
stable condition.
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Fig.5. Microstructure of Annealed specimen at 930°C

4 Conclusions

Very few research works were carried out on AISI 410 stainless steel material over
annealing process. After annealing, the applications finds on cutlery and kitchenware,
surgical instruments, dental tools, pumps, valves, and pipes, production of exhaust systems,
manifolds, and other automotive components. The following results were obtained from the
above experimental work.

1. The wear loss for the samples annealed to 730°C, 830°C, 930°C were found to
be as 11.42mm3, 14.28mm?3 and 25.71 mm? respectively. Whereas the wear
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loss in untreated specimen was found to be with 8.42 mm?. The annealed
sample treated to 930° C had more material peeling than the untreated sample.

2. As the heat treatment temperature range increases, the wear resistances of
stainless steel material were improved with ductility and stability in hardness.

3. Through annealing process, the wear resistance of a martensitic material is
improved. The ductility, hardness are well stabilized and the material is
applicable for commercial manufacturing of products. It is important to note
that these results were obtained by maintaining the speed and load constant.
The work can be extended to future by varying the speed and load to produce
better results.
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