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Abstract. An alloy of iron and chromium is called stainless steel. The
compositionratio of stainless steel will vary depending on the grade require
d and the intended use of the steel, although it must contain at least 0.5% c

hromium. Numerous applications exist for stainless steel in the industrial
and consumer markets because of its superior corrosion resistance, high
strength and good appearance aesthetic wise. Because of the chemical
composition, martensitic steel is a kind of stainless steel that can be
strengthened, hardened with heat and ageing processes. Because of these
techniques, Martensitic steel is stronger than other kinds, which makes it a
good option for manufacturing mechanical valves, turbine parts, medical
equipment applications. AISI 410 martensitic stainless are strong and wear
resistant one. The usage of this material is limited because of its hardness.
For enhancing the ductility, these steels were subjected to normalizing
process at 740°C, 840°C, 940°C and designated as NI, N2, N3
respectively. The samples were made cylindrical in shape with 11 mm
diameter, length of 40 mm. The outcomes of the results like measurement
of hardness, loss of wear were noted down and comparisons of
microstructures with all the samples were carried out.
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1 Introduction

The 400 Grade series of stainless steels includes martensitic stainless steels. They contain up
to 1%, 11.9% to 14.8% chromium and a low to high carbon content. It is employed when
ever high strength at low temperatures, creep resistances at high temperatures is needed in
addition to corrosion and/or oxidation resistance [1-3]. Among the most potential desirable
steels, AISI 410 steels are widely employed in the fabrication of components that has high
toughness, strength and resistance to corrosion. AISI 410 steels are unique among the other
steels due to their outstanding combination of properties that includes suitable corrosion
resistance, its strength, durability and flexibility [4-6]. They can be heat treated to achieve
desired mechanical characteristics for specific applications. At high temperatures, these
steels exhibited face-centered cubic structure. During normalizing and normalizing
treatment, transformations from the martensite to austenite phase were obtained, resulting
in a body-centered cubic (BCC) structure [7-10].

AISI 410 steels have poor formability and weldability. However, addition of sulphur
improves the machinability which makes them for cold work processing. Normalizing
improves the mechanical characteristics, corrosion properties of martensitic stainless steels
[11-15]. This process modifies the microstructure of the AISI 410 material, affecting its
behavior. Normalizing and normalizing at different temperatures alters dislocation and
grain size, affecting the delicate balance of strength and ductility. Higher normalizing
temperatures reduce dislocation density and coarse grain, leading to decreased strength but
increased ductility [16-20]. During normalizing, the cementite content in martensite phase
gets decomposed and minimizes the property of hardness in martensite material. AISI 410
martensitic stainless steels are very strong and hard when hardened; they are not very
ductile. It is common practice to temper these steels in order to impart desirable engineering
characteristics [21-24]. Typically, martensitic stainless steels can be tempered anywhere
from 480 to 750°C. Within this range, martensite hardness reduces with time and
temperatures. Normalizing higher-Cr alloys for too long could cause the ferrite to undergo
sigma phase precipitation, increasing the hardness [25-29].

2 Experimental Procedures

2.1 Materials specification

AISI 410 materials were treated with normalizing process. The samples were sheared to
40 mm in length, diameter of 11 mm for this research work as shown in Fig.1. The material
composition were noted to be Chromium 13.7%, Phosphorus 0.0 %, Nickel 0.59 %, sulphur
0.03 %, carbon 0.14 %, silicon 1.2 %, manganese 1.2% and rest of the content Iron [30-33].

Fig. 1. AISI 410 Samples
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2.2 Wear Test

The samples were polished with the help of emery papers graded with 1/0, 2/0, 3/0, 4/0.
With the help of acetone, the specimen surfaces were cleaned. A pin on disc machine is
used for analyzing the wear behavior. Treated and untreated samples are undergone under
wear test. A load of 20N was applied as a constant load subjected to a speed of 750 rpm for
a duration of 5 minutes. A load of 15N is applied on the pin for time duration of 3 minutes
and the disc is rotated at a speed of 1500 rpm [34-37]. The specifications of the tribometer
are magnum engineers make as shown in Fig.2, load range 200 N maximum, Frictional
force range 200N maximum, diameter of the disc @170 mm maximum, track diameter 10 to
150 in mm, speed of the disc 100 - 2000 rpm, Length of the pin 10 to 30 mm, Pin diameter
@3 mm to @14 mm [38-41].

Fig. 2. Wear Testing Machine

3 Results and discussion

3.1 Hardness Measurements

With the help of Rockwell hardness tester, the hardness of the normalized samples and
untreated sample were measured. The specification of Rockwell hardness tester used for
this research work is krystal industries make, maximum load 150 Kgf, maximum test height
260 mm, throat depth 135 mm, base size 2000x450mm, machine height 700mm, net weight
70kg. The specimens were loaded with 150 Kgf for 30 seconds and the hardness was
monitored [41-43]. AISI 410 hardness was identified as 30 HRC, for N1- 26 HRC, N2 - 24
HRC, N3 - 23 HRC.

3.2 Microstructure analysis

From the scanning electron microscope, the microstructures of normalized and untreated
samples were captured. The following are the specifications of scanning electron
microscope machine used for this research work as shown in Fig.3 — Hitachi make -
SU3800 model, 3.0 — 15 nm secondary resolution, 4 nm backscattered electron resolution,
magnification range 5x to 35000x, 0.2 to 35 kV accelerating voltage, specimen size 10 to
300 mm, movable height 90 to 150 mm, 5 axis motor drive, cartridge type - tungsten
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hairpin filament electron gun, 5 hole objective lens aperture. The comparison on the
surfaces of specimens was analyzed [44-46].

Fig. 3. Scanning Electron Microscope utililized for the Research work

After the wear test, the surfaces of the samples were subjected to micro structural analysis.
Due to its hardness and brittleness, untreated AISI 410 material was found to have
minimized peel of material during wear test. Due to the absence of heat treatment in the
untreated material, the peel is reduced. Combined carbon was identified in microstructure
of martensitic stainless steels with more hardness. Martensitic stainless steel has a tempered
microstructure that is mostly formed due to combined carbon [47-49]. Low volume wear
loss was achieved because the material is hardened due to the existence of residual
austenite and cementite, which also ensures that the microstructure remains unchanged as
shown in Fig.4.

ik d
100 pm EHT = 1500 kV Signal A= SE1 GRIET ZEISS
WD =9.98 mm Mag= 200X DSTHIST

Fig. 4. AISI 410 Microstructure
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Fig.5 reveals the microstructure of normalized sample at 740°C. The material became more
soft and its hardness was reduced, making the material more ductile. The brighter phase
revealed on the microstructure reveals the slow transformation of material from martensite
to retained austenite. Minor cracks were noticed and it is because of the load acting on the
material during the wear test. The diffusion zone revealed the presence of minute micro-
etches in the compound layer.

100pm  EHT= 1500V SignalA=SE1  GRIET
wo=788mm Mag= 200X DSTHST

Fig. 5. Microstructure of normalized sample at 740°C

ZEISS

Fig. 6 shows the sample normalized to 840°C. As a result of normalizing at higher
temperature and then slowly cooling, the hardness and strength of stainless steel material
were significantly reduced. Compared to tempered samples, the material grew softer and
wear loss was higher. This is due to decrease in wear resistance that increases the stainless
steels ductility [50-53]. Within the microstructure, a layer with micro holes and cracks
could be seen. Normalized samples wear resistance is affected by the production of ferrrite
and enlarged austenite, which increases the wear. The combined carbon have got
decomposed and increase in retained austenite phase were revealed in the microstructure
inhibits the martensitic transition into expanded austenite phase.

50 pm EHNT = 15.00 kV Signal A= SE1 GRIET
WD = 8.56 mm Mag= 500X DSTHST

Fig. 6. Microstructure of normalized sample at 840°C

ZEISS
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50 pm EHT = 15.00 kV SignalA=SE1  GRIET
F— wo=ssmm  Mag= 505X DSTHST

ZEISS

Fig. 7. Microstructure of normalized sample at 940°C

The sample's hardness was significantly reduced, which enhanced its ductility. A phase
transition from martensitic to austenitic was achieved by air cooling the sample as shown in
Fig.7. Delamination of the material and cracks that had formed on the normalized sample
treated at 940°C was noted in the microstructure. Tiny micro-etches and holes were visible
in the compound layer and diffusion zone noted to have retained austenite phase. The
production of carbides that are unstable notified in the microstructure and its due to delayed
cooling process. The external load acting on the sample are the other reasons behind it. It
was discovered that when hardness increases, the specimen's ductility decreases its stable
wear resistance

4 Conclusions

Normalizing is a commercial heat treatment process applicable for hardened materials for
stabilization with hardness, brittleness and preferred for various sustainable applications
like solar power plant components. Very few works are made on AISI 410 material and the
major findings from this work are:

1. From the wear behavior analysis, more material loss was obtained in the normalized
sample and revealed wear resistance to be worse than untreated sample. Due to the
presence of combined carbon in martensitic stainless steel material, the microstructure
remained unchanged. No peel of material was noticed.

2. Normalizing revealed carbides in stabilization of hardness and ductility, while
normalizing process has decomposed combine carbide transforming the material to
retained austenite phase.

3. The treated samples revealed the hardness and were found to be lesser than untreated
samples. It was found to be 23 HRC for the Normalized sample at 940°C, 30 HRC for
the untreated stainless-steel sample.
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