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ABSTRACT

Turbine blades are an important and critical component in a steam turbine, to convert thermal energy from
pressurized steam into mechanical energy to drive a generator shaft to generate electricity. Generally, steam
turbine blades are widely made of martensitic stainless steel (MSS) due to the material’s good mechanical
properties at temperatures above 500°C. These experimental aims to study low-alloy MSS steel (LAMSS) and high-
alloy MSS steel (HAMSS) as steam turbine blade materials. Thus, the operation of a 250 MW steam turbine is
referred to as a test parameter to evaluate tensile properties, fracture behavior and microstructure at 25°C, 250°C,
400°C and 550°C. In the preparation of LAMSS materials, the composition of C, Cr, Mn, Mo, Ni, V and W
elements is different from HAMSS. Next, the quenching process of LAMSS material is performed at 980°C and
tempered at 730°C, while HAMSS is performed at 1020°C and tempered at 700°C with oil and air cooling to study
the effect of heat treatment on both materials. The tensile test results for LAMSS and HAMSS materials were studied
in detail at 550°C, finding that HAMSS has better tensile properties than LAMSS, with a yield strength of 1531.3
MPa, ultimate tensile strength of 1722 MPa, and 16.2% elongation. After the specimen was analyzed, the fracture
surface of LAMSS showed a dimple with 33.8% more ductility, and a rough martensite microstructure compared to
HAMSS. With this, a study at a temperature of 550°C was carried out to produce the selection of suitable materials
to extend the life of the turbine blades, in addition to increasing efficiency and better performance.
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INTRODUCTION According to the study, the steam turbine’s operation
exposes the turbine blades to pressurized steam at 125 bar
and high temperatures exceeding 500 °C, which can lead
to degradation such as creep, fatigue, corrosion, erosion,
oxidation, and other issues (Katinic & Kozak 2018).
Therefore, choosing the right materials for steam
turbine blades is crucial for maximizing performance and
durability during operation, as well as for reducing
operation, maintenance, and overhaul costs due to
unplanned disruptions for efficiency and cost savings
(Kagayama et al. 2016). This experiment selected
martensitic stainless steel (MSS) because of its resistance

In electricity generation, steam turbines are one of the main
components in thermal power plants. It works to convert
steam into mechanical work to drive a generator shaft to
produce electricity, which is then supplied to consumers
at a reasonable cost (Ulloa et al. 2012).

Thus, the strength and durability of material properties
required in the manufacture of steam turbine blades are
important factors that can affect reliability and efficiency
over a long period of time (Molodtsov et al. 2019).
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to heat, resistance to corrosion and strength. Turbine blades
often use MSS as a material (Kanda et al. 2019). Therefore,
two types of martensitic stainless steel (MSS) were chosen:
low-alloy MSS steel (LAMSS) and high-alloy MSS steel
(HAMSS). These steels are similar to AIST 410 and 422
steel, which are widely used for fabricating steam turbine
blades for high-pressure (HP), intermediate-pressure (IP),
and low-pressure (LP) blades (Purnomo et al. 2023).

The tensile properties of LAMSS and HAMSS are
compared at 25°C, 250°C, 400°C, and 550°C under
mechanical stress. The yield strength (7 ), ultimate tensile
strength (o), and elongation (¢) are measured (Chang &
Jang 2012).

In summary, this study was conducted to study the
tensile properties of materials to understand the effect of
heating LAMSS and HAMSS materials to 550 °C. Also,
analyzing fracture surfaces and microstructure in detail, to
improve performance and efficiency for better blade
materials (Nune & Chaganti 2017).

METHODOLOGY

MATERIALS

For this important experiment, a detailed review of several
studies was done to select the materials needed and used
in the study of steam turbine blade materials. The chosen
materials are two kinds of martensitic stainless steels

(MSS): LAMSS and HAMSS. These steels have different

elemental makeups and are melted in bottom entry furnaces

(BEF) and electroslag remelting (ESR).

Table 1 presents the composition of the material
elements identified for study. The composition of the
LAMSS and HAMSS material elements, used for steam
turbine blade applications, includes specific elements. The
following outlines the composition of the elements selected
for this experiment:

1. Aluminium (Al): Al was chosen for its strong
oxidation resistance as a turbine blade material
barrier during long-term operation (Zandrahimi
et al. 2011);

2. Carbon (C): Carbon gives steel its hardness and
strength. It encourages martensite development,
which gives steel steam turbine blades hardness
and durability (P.D, 2012);

10.

11.

12.

13.

Copper (Cu): Copper is an element needed to
increase corrosion resistance, which is an
important quality in steam to prevent oxidation
problems (Stoulil et al. 2016);

Chromium (Cr): Chromium is essential in
martensitic stainless steels due to its corrosion
resistance. Thus, with continuous movement, Cr
improves steel martensite structure and steam
turbine blade wear resistance (Yu et al. 2018);
Iron (Fe): Iron is the main component of steel that
improves its properties, and it works with other
alloying elements to contribute to the alloy’s base
(Li et al. 2014);

Manganese (Mn): Manganese is required for
workability and strength, as well as to aid in the
creation and stabilisation of carbides for impact
steels reacting at high temperatures (Hald, 2004);
Molybdenum (Mo): Molybdenum is chosen for
its creep resistance, which allows it to sustain the
operation of the steam turbine without distortion
(Samoilov & Cherniavsky, 2016);

Nickel (Ni): In addition to influencing the phase
change of steel at high temperatures, nickel
increases the material’s toughness to withstand
the mechanical stress frequently associated with
turbine operation (Meher 2019);

Phosphorus (P): Although it is often considered
an impurity, phosphorus can increase strength
while lowering toughness and impact resistance
(Gutierrez 2014);

Silicon (Si): Silicon is added to increase the
strength and flexibility of the material. The
oxidation resistance it lends to steel is one of the
additional benefits it offers (Harrer et al. 2012);
Sulphur (S): Sulphur is added to improve
machinability and corrosion resistance as its
mechanical properties are reduced to balance the
application characteristics of turbine blades (Jeon
et al. 2010);

Vanadium (V): Vanadium is an element used for
the ability to form fine carbides and nitrides to
increase the tensile strength and wear resistance
of steel (Riofano et al. 2008); and

Tungsten (W): Meanwhile, tungsten is added to
increase creep resistance for steam turbine blade
materials in continuous turbine operation and
when exposed to high temperatures (Fukuda et
al. 2015).



TABLE 1. Composition elements of LAMSS and HAMSS in

weight percentage (weight %)

Elements LAMSS HAMSS

(weight %) (weight % )
Aluminium 0.010 - 0.020 -

Carbon 0.100-0.150  0.200 - 0.250
Chromium 11.00 - 12.50 11.00 - 12.50
Copper 0.050-0.100  0.050 - 0.150
Manganese 0.250 - 0.500  0.500 - 1.000
Molybdenum 0.250-0.500  0.750 - 1.250
Nickel 0.250-0.500  0.750 - 1.250
Phosphorus 0.020-0.025  0.020 - 0.025
Silicon 0.300-0.500  0.300 - 0.500
Sulphur 0.005-0.010  0.005-0.010
Vanadium - 0.200 - 0.300
Tungsten - 0.750 - 1.250

Iron ~ 85.000 ~ 82.500

To ensure that the martensitic stainless steels under
investigation exhibit comparable characteristics to standard
AISI 410 (LAMSS) and AISI 422 (HAMSS) grades, the
specimens were subjected to a controlled heat treatment
cycle comprising austenitization followed by quenching,
tempering, and subsequent cooling (Esmacil & Javad,
2020; Yan et al. 2021). This procedure was implemented
to establish the desired microstructural condition and to
tailor the mechanical properties, particularly hardness,
tensile strength, wear resistance, and ductility. Prior to
experimental testing, the turbine blade materials were
heat-treated in accordance with the specifications outlined
in Table 2.

TABLE 2. Heat treatment process for blade materials

Materials Quenching / Cooling Tempering /

Cooling
LAMSS 980°C / Oil 730°C / Air
HAMSS 1020°C/ Oil 700°C / Air

Table 3 shows LAMSS and HAMSS tensile properties
before testing. According to the standard, this steel material
is acceptable for the high-temperature tensile test specimen.

TABLE 3. Mechanical properties of blade materials
Ultimate

. Yield .
Materials Tensile Strength Elongation
Strength (MPa) (%)
(MPa)
LAMSS 752 605 22.0

HAMSS 1003 845 15.5
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SELECTION OF MATERIALS

To start this experiment, LAMSS and HAMSS materials
were used as steam turbine blade materials, with the
element composition shown in Table 1.

PREPARATION OF SPECIMENS

For this experiment, the preparation of tensile test
specimens was machined in the form of a dumbbell with
a standardised length gauge and diameter according to
ASTM E8M standards, referring to the drawing in
Figure 1.
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FIGURE 1. Drawing of a dumbbell-shaped tensile specimen
(dimensions in mm)

LAMSS and HAMSS tensile specimens were prepared
for testing at 25°C, 250°C, 400°C and 550°C. Each
temperature used three specimens, making a total of 24
specimens that were labeled and stored in an orderly
manner.

HIGH-TEMPERATURE TENSILE TEST

In this experiment, the high-temperature tensile test method
is performed until the specimen breaks according to ASTM
E8M and E21 standards. This test will look at the tensile
properties of LAMSS and HAMSS materials, namely yield
strength, ultimate tensile strength, and elongation.

Before the test continues, the tensile strength obtained
from the material test is checked and accepted, as shown
in Table 3. A universal testing machine (UTM) equipped
with a heating furnace is used in the process of carrying
out the tensile test, as seen in Figure 2.
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FIGURE 2. UTM machine with heating furnace used for high-
temperature tensile testing with detailed setup

FRACTOGRAPHIC ANALY SIS

After obtaining the tensile test results, a high-precision
optical microscope and a field emission scanning electron
microscope (FESEM) perform fractography analysis to see
the pattern or shape of the fracture on the fracture surface,
determine the type of fracture, and more (Endo et al. 2022).

As aresult, there are several types of fracture surfaces,
each with unique surface characteristics. For example:
Ductile Fracture: Characterised by a rough, fibrous
appearance with significant plastic deformation in the form
of dimples formed by the combination of micro-voids;
Brittle Fracture: Appears smooth and flat, with a crystalline
texture. It often depicts cleavages and river patterns
(Suzudo et al. 2020); Fatigue Fracture: showing lines or
beach marks that indicate progressive crack growth due to
cyclic loading; and Intergranular and Transgranular
Fractures: Intergranular fractures occur along grain
boundaries, while transgranular fractures cut through
grains, each leaving a specific pattern. (Bond & Zikry
2017). This fractographic analysis method uses fracture
surface analysis to identify the mode and cause of material
failure.

METALLOGRAPHIC ANALYSIS

For this experiment, microstructure analysis is one of the
methods used to study the structure of materials on a
macroscale or microscale. This analysis was performed to
investigate the structure of the LAMSS and HAMSS
materials after the tensile test was carried out. Usually, this
analysis entails preparing metallographic samples, such as
preparing the sample, analyzing the image, and interpreting
the microstructure.

The purpose of microstructure analysis is to understand
the details of the structure and composition of LAMSS and
HAMSS materials. It involves examining details, phases,
defects, and other features at a microscopic level, providing
insight into how these features interact with each other
(Revilla & De Graeve, 2022).

RESULTS AND DISCUSSIONS

The detailed presentation includes the results and
discussion of high-temperature tensile tests conducted on
LAMSS and HAMSS materials. Therefore, the preparation
of materials is done with element composition and heat
treatment by referring to the operation of a 250 MW steam
turbine.

Martensitic stainless steels (MSS), namely LAMSS
and HAMSS steels as blade materials, are known for their
high strength and hardness, mainly due to their martensite
microstructure. However, subjecting this experiment to
high-temperature tensile tests at 25°C, 250°C, 400°C, and
550°C resulted in significant changes in tensile strength,
fracture behaviour, and microstructure (Sudarshan & Rao,
2019). The interesting changes between LAMSS and
HAMSS steel are as follows:

HIGH-TEMPERATURE TENSILE TEST

By referring to Figure 3, the tensile test results for LAMSS
steel and HAMSS steel against yield strength (o, ), ultimate
tensile strength (o,), and elongation (g), on specimens S1
(25°C), S2 (250°C ), S3 (400°C), and S4 (550°C). With
this, are the results of LAMSS tensile strength: o, at Sl:
576.7 MPa, S2: 613MPa, S3: 790 MPa, S4: 856.7 MPa; g,
at S1: 694.3 MPa, S2: 744 MPa, S3: 897.7 MPa, S4: 970.7
MPa; and ¢in S1:23.1%, S2: 24.8%, S3:26.4%, S4: 28.5%.
Whereas, the tensile strength of HAMSS, o, at S1: 781.3
MPa, S2: 845 MPa, S3: 1222.3 MPa, S4: 1531.3 MPa; g,
at S1:979 MPa, S2: 1026 MPa, S3: 1395.3 MPa, S4: 1722
MPa; and ¢in S1: 15.6%, S2: 15.7%, S3: 15.9%, S4: 16.2%.

When comparing the yield strength, ultimate tensile
strength, and material ductility between the LAMSS and



HAMSS test results, the results found that the HAMSS
steel exhibited higher o, and o, than the LAMSS steel.
According to the tensile test results for LAMSS and
HAMSS, at temperatures ranging from 25°C to 550°C, the
tensile strength of o, and o, increases significantly. As the
temperature increases, the tensile strength o, and o, also
increase. Percentage of o strength increase at 25°C: 35.5%,
250°C: 37.9%, 400°C: 54.7% and 550°C: 78.7%.
Meanwhile, the increase in o, strength at 25°C: 41%,
250°C: 38%, 400°C: 55.4%, and 550°C: 77.4%. This
suggests that it is a significant improvement for most steels
to operate in this manner as strength typically decreases
as temperature increases. As a result, the percentage
increase in HAMSS tensile strength for o, and o, was 78.7%
and 77.4%.

However, the presence of elements such as C: 0.25%,
Cr: 11.70%, Mn: 0.82%, Mo: 1.20%, Ni: 1.05%, V: 0.29%,
and W: 1.04% is expected to increase the tensile strength
of the material HP and IP steam turbine blades (Neto et al.
2020).

In contrast, LAMSS exhibits low behavior for both o,
and o, but it does show an increase at temperatures ranging
from 25°C to 550°C. It is possible that the less complex
elemental composition of LAMSS contributes to its lower
overall strength compared to HAMSS.

When considering material selection as a significant
alternative, it falls under the category of HAMSS. LAMSS,
on the other hand, may be a viable option for steam turbine
operation at low-pressure turbine stages, although its
strength value is lower than HAMSS. Less complicated
turbine compositions can be cost-effective, depending on
specific requirements (Aruna Prabha & Srinivasa Prasad
2019).

Thus, high-temperature tensile tests at different
temperatures (25°C, 250°C, 400°C, and 550°C) will
significantly alter the tensile strength of LAMSS and
HAMSS steels. These changes are influenced by heat
treatment and composition of elements such as Mn, Mo,
Ni, V, and W (Yan et al. 2023). Therefore, it is explained
about the tensile strength that occurs in detail.

In this experiment, LAMSS steel (quenched at 980°C
and tempered at 730°C): At 25°C, LAMSS steel exhibits
high tensile strength due to the martensite structure, which
is hard and brittle (Kwak et al. 2016) . The tempering
process at 730°C slightly reduces brittleness while
maintaining a large amount of strength (Wang et al. 2023).

Next, at a temperature of 250°C, as the temperature
increases, the tensile strength decreases. The movement
changes to become easier, causing

the strength to decrease. However, the decrease is
moderate because 250°C is still relatively low compared
to the tempering temperature (Taylor et al. 2016).

Whereas, at a temperature of 400°C, the tensile
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strength decreases more significantly. Thermal softening
occurs, and the material becomes more ductile as the
tempering effect continues to enhance the recovery and
recrystallization process (Mohammad et al. 2023). And at
550°C, the tensile strength drops significantly at this
temperature. The material approaches the tempering
temperature, leading to significant softening and a
significant reduction in strength. The microstructure may
begin to become rough, and the secondary phase may
precipitate, further reducing strength (Bi et al. 2021).

Ultimate Tensile Strength
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FIGURE 3. Tensile test results for the tensile properties of
LAMSS and HAMSS steels at yield strength, ultimate tensile
strength, and elongation

Whereas, the tensile strength of HAMSS steel
(quenched at 1020°C and tempered at 700°C): At 25°C,
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just like LAMSS steel, HAMSS also shows high tensile
strength at room temperature due to the martensite phase.
However, higher alloy content can contribute to better
corrosion resistance and potentially higher toughness (Fang
& Tao, 2022).

However, at 250°C, the tensile strength decreases as
the temperature increases but usually to a lesser extent
compared to low alloy steels due to the stabilizing effect
of higher alloying elements such as chromium, molybdenum
and vanadium, which increase the high temperature
strength (Belomytsev et al. 2018).

Therefore, at a temperature of 400°C, this HAMSS
steel maintains better tensile strength compared to LAMSS
steel. Additional alloying elements help in maintaining
strength and delay the softening process. Because of stable
carbide formation, resistance to tempering effects is
improved (Liu et al. 2004).

And at 550°C, the tensile strength decreases, HAMSS
steel generally maintains better strength compared to
LAMSS steel at this temperature. The presence of strong
carbide-forming elements slows down the softening and
roughening process (Thompson, 2018). This could make
HAMSS an alternative choice for steam turbine blade
applications. Although LAMSS is not as robust, it may be
more suitable for low pressure (LP) blades.

HLAMSS: 51 {25°C]

HLAMSS: S2 {250°E).

#HAMSS: 53 (400°C)

FRACTOGRAPHY

Tensile fractography analysis was done for LAMSS and
HAMSS steel on specimens S1 (25°C), S2 (250°C), S3
(400°C), and S4 (550°C) for this test. Understanding the
mechanical behavior in high circumstances is critical. Thus,
identifying the failure process requires revealing
information on ductile characteristics and fracture modes
that may impact fracture behaviour. Wei et al. (2017)
suggest that this could be associated with rising element
rates. According to the study and potential analysis
findings, the material exhibits ductile fracture behaviour
at low temperatures of 25°C to 250°C but gradually loses
ductility as the temperature increases from 400°C to 550°C.
Furthermore, the analysis of fracture behaviour clearly
reveals the degree of ductility by measuring the reduction
of area (RA), the diameter of the fractured specimen (Qiu,
2013). For example, the average diameter measurement
for LAMSS is 3.4 mm, while for HAMSS it is 4.55 mm.
This clearly indicates that LAMSS is 33.8% more ductile
than HAMSS. Figure 4 shows images of LAMSS and
HAMSS fracture and ductility modes of specimens S1, S2,
S3, and S4 macroscopically.

EHAMSS: S2 (250°C)

ALAMSS: 54.(550 ¢}

FIGURE 4. Fracture behavior images of LAMSS and HAMSS referring to the degree of ductility in specimens S1 (25°C), S2
(250°C), S3 (400°C) and S4 (550°C)



The LAMSS and HAMSS fracture surface images on
specimens S1 (25°C), S2 (250°C), S3 (400°C), and S4
(550°C) were analysed using a field emission scanning
electron microscope (FESEM) to identify ductility and
fracture mode.

At temperatures from 25°C to 550°C, LAMSS and
HAMSS material images show significant ductility and
fracture modes. Due to microstructure changes and
deformation mechanism activation, MSS steel fracture
behaviour may change from brittle to ductile.

Dimples on ductile fracture surfaces indicate plastic
deformation and energy dissipation before failure
(Konovalenko et al. 2019). A brittle fracture propagates
cracks along a specific crystallographic plane. The hot
tensile test of both MSS steels may also show how
temperature affects mechanical properties, including
strength, ductility, and toughness (Lin & Dahl, 2000). This
study can relate to the fracture surface and tensile
parameters determined during the test. The dimple feature
at 250 to 550°C is ductile.

However, the element composition of iron, carbon,
chromium, and other components, as well as the LAMSS
and HAMSS heat treatment processes, can have a
significant impact on microstructure and mechanical
properties. This study determines martensitic stainless steel
fracture behaviour at high temperatures. The LAMSS

Dimples
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image displays a more ductile fracture morphology due to
its significant dimple pattern and coarser size. 5000-times
magnification shows this. Figure 5 shows that HAMSS has
a less ductile fracture surface, dimple form, and size than
LAMSS.

In summary, this analysis demonstrated that
martensitic stainless steel fracture behaviour at 25°C, or
room temperature, is normally brittle, characterised by
cleavage fracture due to martensite’s high hardness and
restricted ductility (Vukelic & Brnic, 2017).

However, when the temperature rises to 250°C, the
fracture mode shifts from brittle to ductile. Materials can
fracture in mixed modes, with microvoids fracturing and
merging as a result of tempering for increased ductility
(Kurguzov & Kornev, 2019).

At 400°C, the fracture behaviour is mostly ductile.
When martensite gets harder, it deforms more before it
breaks, which leads to ductile fracture with microvoid
coalescence (Feng et al. 2020).

At 550°C, fracture behaviour is typically ductile,
although the existence of secondary phases such as the
sigma phase, particularly in high-alloy steels, might
complicate the situation. These phases can cause damage,
resulting in intergranular fractures or other complicated
fracture modes (Yamabe et al. 2021).

FIGURE 5. FESEM images of fracture surfaces of LAMSS and HAMSS specimens at magnification: a-x1000; and b-x5000; the
frame on the fracture surface provides a link to the location of the dimpled fracture surface fragments shown in Figure 5a.
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MICROSTRUCTURE

One of the most significant elements of metallography is
microstructure analysis, which involves thoroughly
examining and assessing the material’s structure. To
analyse the microstructure of martensitic stainless steel
(MSS), one must understand the atomic structure, phases,
and grain boundaries of LAMSS and HAMSS materials
(Fedorova et al. 2018).

The presence of elongated laths or martensite plates
primarily distinguishes the microstructural features of these
MSS steels. These laths often have a high aspect ratio and
are aligned in certain crystallographic directions (Wang et
al. 2022). Furthermore, the grain boundary features of these
MSS steels are often fine grain sizes due to fast cooling
during the martensite transition. Grain boundaries separate
individual grains or laths and have a significant impact on
a material’s mechanical and corrosion characteristics
(Krishna S et al. 2014).

Figure 6 shows the microstructure images of the newly
obtained specimens, namely S1 (25°C), S2 (250°C), S3
(400°C), and S4 (550°C). These images reveal that the
microstructure characteristics of the specimens are
characterised by the formation of a body-centered
tetragonal crystal structure (BCT) known as martensite
when they are rapidly cooled at high temperatures.

As is well known, the rapid cooling of austenite, the
high-temperature face-centered solid phase (FCC) in
stainless steel, to a lower temperature leads to the formation
of martensite (Shi et al. 2018). This quenching process sets
aside the equilibrium phase change, which leads to the
creation of a martensite microstructure. It is a non-
dispersive shear process that is responsible for the
formation (Di Schino et al. 2012). This mechanism involves
carbon atoms occupying interstitial spaces in the iron
lattice, which leads to lattice distortion in the BCT structure
(Yaqoob & Huang, 2016).

The image of the newly received specimen (AR)
revealed a different martensite microstructure. The coarse
LAMSS structure is due to the fact that the grains are larger
than those in the HAMSS microstructure. The mechanical
properties of specific blade materials, such as tensile
strength, corrosion resistance, erosion resistance, and heat
resistance, can vary depending on the elements used and
the heat treatment process (Abedini et al. 2019).

The image of specimen S1 (25°C) for both materials
shows that the deformed martensite structure has changed
because of the highest load that was put on it during the
tension test at room temperature (25°C) until it broke or
fractured. The martensite structure of the LAMSS and
HAMSS examples is different, but the change in grain size
can be observed (Fang et al. 2022).

FIGURE 6. High-precision optical images (magnification
500x) of LAMSS and HAMSS microstructures on newly
received specimens (AR), S1 (25°C), S2 (250°C), S3 (400°C),
and S4 ( 550°C), which has been polished and etched with
vilella reagent

The images of specimens S2 (250°C) LAMSS and
HAMSS show changes in the martensite structure
following the application of the maximum tensile load for
the hot tensile test at 250°C until fracture. Referring to the
two images, it is evident that the grain size has undergone
a significant change, becoming smaller. This change has
begun to occur; it’s possible that the elemental composition
and temperature factor, when heated, become smaller,
leading to an increase in tensile strength, as indicated by
the tensile test results (Daoud et al. 2015).

After analysing the image of specimen S3 (400°C) for
LAMSS and HAMSS, it is observed that the alteration in
the martensite structure diminishes while the tensile
strength consistently rises during the hot tensile test



conducted at 400°C for both specimens. The requirements
of materials needed For usage in high-temperature settings
may be influenced by factors such as element composition
and temperature (Thompson 2018).

Finally, the image of specimen S4 (550°C) revealed
the presence of a martensitic structure in both LAMSS and
HAMSS materials. Additionally, it was observed that the
shape of the structure transformed into a fine-grain shape
for both materials (Wang et al. 2015). Furthermore, the
tensile strength of LAMSS was measured to be 970.7 MPa,
while HAMSS exhibited a tensile strength of 1722 MPa,
based on the results of hot tensile tests conducted at 550°C.

CONCLUSION

Based on this comparative study, the tensile properties of

LAMSS and HAMSS are strongly influenced by material

composition, temperature, and external stress. The results

show that:

1. Yield strength (ay) and ultimate tensile strength
(0,) decrease with rising temperature, but HAMSS
consistently maintains higher values due to
alloying elements (Cr, Mo, V, W) that stabilize
martensite and form fine carbides.

2. Elongation increases with temperature, especially
above 400 °C, indicating greater ductility;
LAMSS shows higher elongation growth but at
the expense of strength.

3. Fracture behavior shifts from brittle transgranular
at ambient—250 °C, to mixed brittle—ductile at 400
°C, and fully ductile with cup-and-cone dimples
at 550 °C.

4. Microstructural changes reveal softening of
tempered martensite through carbide precipitation
and grain coarsening, while HAMSS retains finer,
more stable carbides than LAMSS.

In conclusion, HAMSS demonstrates superior high-
temperature strength and stability compared to LAMSS,
while LAMSS shows greater ductility development with
temperature.
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