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Abstract: INCONEL 718 is a precipitation-hardened nickel-based superalloy widely recognized for its excellent
mechanical strength, corrosion resistance, and stability at elevated temperatures. Due to these exceptional characteristics,
it has become one of the most extensively used superalloys in demanding engineering applications such as aerospace
engines, gas turbines, nuclear reactors, and chemical processing equipment. The superior performance of INCONEL
718 is primarily attributed to its unique microstructure and carefully balanced chemical composition, which includes
significant amounts of nickel, chromium, iron, niobium, and molybdenum. These alloying elements contribute to the
formation of strengthening phases such as gamma double prime and gamma prime, which enhance the alloy’s resistance
to deformation and creep under high-temperature operating conditions. This review paper presents a comprehensive
overview of the physical properties of INCONEL 718, with particular emphasis on its density, thermal conductivity,
specific heat capacity, thermal expansion behavior, and melting characteristics. The relationship between these physical
properties and the alloy’s microstructural features is also discussed to provide a deeper understanding of its performance
under extreme service environments. Furthermore, the influence of temperature on the thermophysical behavior of the
alloy is examined, highlighting its capability to retain structural integrity and dimensional stability in high-temperature
applications. In addition, the review summarizes the key mechanical and thermal characteristics that make INCONEL
718 a preferred material in high-performance engineering systems. By compiling and analyzing findings from previously
published research, this study aims to provide a consolidated reference for researchers and engineers interested in the
thermophysical behavior and industrial significance of INCONEL 718 superalloy.

Keywords: INCONEL 718; Nickel-based superalloy; Physical properties; Thermal properties; Microstructure; High-
temperature performance; Aerospace materials.

1. Introduction:

The rapid advancement of modern engineering systems, particularly in aerospace, power generation, nuclear technology,
and chemical processing industries, has created an increasing demand for materials capable of performing reliably under
extreme operating conditions. Components used in such environments are frequently subjected to elevated temperatures,
high mechanical stresses, corrosive atmospheres, and cyclic loading conditions. Conventional engineering alloys often
fail to maintain structural integrity when exposed to such harsh environments. Consequently, the development and
utilization of high-performance materials known as superalloys has become essential for ensuring reliability, efficiency,
and safety in advanced technological systems. Superalloys represent a class of high-temperature materials designed to
exhibit exceptional mechanical strength, excellent oxidation and corrosion resistance, and remarkable microstructural
stability at elevated temperatures. Among the various categories of superalloys, nickel-based superalloys have attracted
significant attention due to their superior performance in high-temperature applications. Nickel possesses excellent
thermal stability and maintains its mechanical strength even at temperatures approaching 700—1000 °C. By incorporating
carefully selected alloying elements such as chromium, molybdenum, niobium, titanium, aluminum, and iron, nickel-
based alloys can be engineered to achieve remarkable resistance to creep, fatigue, and oxidation. Among the many
nickel-based superalloys developed over the past several decades, INCONEL 718 has emerged as one of the most widely
used and technologically important materials. Originally developed in the early 1960s, INCONEL 718 was designed to
overcome the limitations of earlier superalloys that exhibited poor weldability and limited formability. The alloy rapidly
gained popularity because of its unique combination of high strength, excellent corrosion resistance, and outstanding
weldability compared with other precipitation-hardened superalloys. These characteristics have enabled INCONEL 718
to be extensively utilized in aerospace engines, gas turbines, rocket propulsion systems, nuclear reactors, and high-
temperature structural components. The exceptional performance of INCONEL 718 can be attributed primarily to its
complex chemical composition and microstructural characteristics. The alloy is predominantly composed of nickel,
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typically accounting for more than half of its composition, which provides a stable face-centered cubic matrix structure.
Chromium is added to enhance oxidation and corrosion resistance, while iron contributes to cost reduction without
significantly compromising mechanical properties. Additional alloying elements such as niobium, molybdenum,
aluminum, and titanium play critical roles in strengthening mechanisms and microstructural evolution. The precipitation
of strengthening phases within the nickel matrix significantly improves the mechanical performance of the alloy under
demanding operating conditions.
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Figure 1: Schematic representation of the evolution and engineering significance of INCONEL 718 superalloy

One of the most important strengthening mechanisms in INCONEL 718 is precipitation hardening, which involves the
formation of intermetallic phases during controlled heat treatment. In particular, the formation of the gamma double
prime (y") phase and the gamma prime (y’) phase contributes substantially to the alloy’s high yield strength and resistance
to creep deformation. The y” phase, which is rich in niobium, is considered the primary strengthening phase in INCONEL
718 and is responsible for the alloy’s remarkable mechanical performance at intermediate temperatures. In addition to
these phases, the formation of delta (5) phase can influence grain boundary stability and microstructural evolution during
thermal exposure. Beyond its mechanical characteristics, the physical properties of INCONEL 718 play an equally
important role in determining its performance in practical applications. Physical properties such as density, thermal
conductivity, specific heat capacity, thermal expansion coefficient, and melting temperature influence how the material
behaves when subjected to thermal gradients, mechanical loading, and environmental exposure. In high-temperature
environments such as gas turbine engines, materials experience significant thermal fluctuations that can induce thermal
stresses and dimensional instability. Therefore, understanding the thermophysical behavior of INCONEL 718 is essential
for predicting its performance and ensuring long-term reliability. Thermal conductivity, for example, governs the rate at
which heat is transferred through the material, directly affecting temperature distribution within critical components.
Similarly, the coefficient of thermal expansion determines how the material expands or contracts with temperature
changes, which can influence dimensional stability and thermal stress development. Specific heat capacity indicates the
amount of energy required to raise the temperature of the material, which is particularly important in applications
involving rapid heating or cooling cycles. These thermophysical characteristics collectively determine the suitability of
the alloy for demanding engineering environments.

Another important factor contributing to the widespread use of INCONEL 718 is its excellent resistance to oxidation
and corrosion. The presence of chromium in the alloy promotes the formation of a stable oxide layer on the material
surface, which acts as a protective barrier against further oxidation at elevated temperatures. This protective oxide scale
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significantly enhances the durability of the alloy in aggressive environments such as combustion chambers and high-
temperature exhaust systems. Furthermore, the alloy demonstrates strong resistance to fatigue and creep, making it
suitable for components that operate under sustained mechanical loads for extended periods. Due to these exceptional
properties, INCONEL 718 has become a critical material in numerous high-performance engineering applications. In
the aerospace industry, it is commonly used in turbine disks, compressor blades, combustion chambers, and structural
components of aircraft engines. The alloy is also widely employed in rocket engines, where components must withstand
extreme temperatures and mechanical stresses during operation. In the nuclear industry, INCONEL 718 is used in reactor
components and heat exchangers because of its excellent corrosion resistance and structural stability. Additionally,
chemical processing equipment frequently utilizes this alloy due to its ability to resist aggressive chemical environments.

Despite the extensive industrial use of INCONEL 718, ongoing research continues to explore the relationship between
its composition, microstructure, and physical properties. Understanding these relationships is essential for optimizing
processing techniques, improving material performance, and extending the service life of critical components. Advances
in materials characterization techniques and computational modeling have further enhanced the ability of researchers to
analyze and predict the behavior of this alloy under various operating conditions. In this context, the present review
focuses on providing a comprehensive overview of the physical properties of INCONEL 718 superalloy and their
significance in engineering applications. The discussion includes an examination of the alloy’s thermophysical
characteristics, the influence of temperature on material behavior, and the relationship between microstructure and
physical performance. By consolidating findings from existing literature, this study aims to provide a clear understanding
of the fundamental properties that contribute to the exceptional performance of INCONEL 718 in high-temperature
engineering environments.

2. Literature Review

Nickel-based superalloys have been the focus of extensive research for several decades due to their exceptional high-
temperature strength, corrosion resistance, and microstructural stability. Among these alloys, INCONEL 718 has
attracted significant attention because of its excellent mechanical and physical properties combined with good
manufacturability and weldability. Numerous researchers have investigated different aspects of this alloy, including its
chemical composition, microstructural evolution, physical properties, and high-temperature performance. The following
section summarizes the key contributions from previous studies related to the physical and thermomechanical behavior
of INCONEL 718.

One of the earliest comprehensive investigations of nickel-based superalloys was presented by Reed (2006), who
provided a detailed description of the development, microstructure, and strengthening mechanisms of modern
superalloys. Reed highlighted that the remarkable high-temperature strength of alloys such as INCONEL 718 is
primarily attributed to precipitation hardening and the presence of coherent strengthening phases within the nickel matrix.
According to his work, the formation of the gamma double prime (y”) phase plays a dominant role in strengthening
INCONEL 718, particularly at intermediate temperatures up to approximately 650 °C.

Table 2: Typical chemical composition of INCONEL 718 superalloy (wt.%)

C iti R

Element (v::;/po;m ton Ange Role in Alloy

Nickel (Ni) 5055 Base rnatr.ix elernent providing thermal stability
and corrosion resistance

Chromium (Cr) 17-21 Improves oxidation and corrosion resistance

Iron (Fe) Balance Stabilizes matrix structure and reduces alloy cost

Niobium (Nb + Ta) 475 5.50 Forrns. .y" strengthening phase, enhances
precipitation hardening

Molybdenum (Mo) 580 3.30 ?rovides solid-snlution strengthening  and
1mproves creep resistance

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJ]SREM57547 | Page 3



https://ijsrem.com/

S Y
'JIJSREN}‘
g" iz International Journal of Scientific Research in Engineering and Management (I[JSREM)

fa) Volume: 10 Issue: 03 | March - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

Titanium (Ti) 0.65— 115 Contribute's to vy phase formation and
strengthening

Aluminum (Al) 0.20 —0.80 Supports y’ precipitation and oxidation resistance

Carbon (C) <0.08 Improves grain boundary strength

Manganese (Mn) <0.35 Improves hot workability

Silicon (Si) <0.35 Enhances oxidation resistance

Sulfur (S) <0.015 Impurity element controlled to prevent brittleness

Similarly, Sims, Stoloff, and Hagel (1987) conducted extensive studies on the metallurgy and processing of superalloys
and emphasized the importance of alloying elements such as chromium, molybdenum, and niobium in enhancing both
mechanical and physical properties. Their research indicated that chromium significantly improves oxidation and
corrosion resistance by forming a protective oxide layer on the alloy surface, while molybdenum and niobium contribute
to solid solution strengthening and precipitation hardening mechanisms. These elements collectively improve the
thermal stability of INCONEL 718, allowing it to maintain structural integrity under high-temperature operating
conditions.

The relationship between microstructure and physical properties of INCONEL 718 has also been widely studied. Loria
(1988) investigated the role of microstructural phases in determining the mechanical and thermal behavior of the alloy.
The author reported that the precipitation of y” and y’ phases within the nickel matrix significantly enhances the yield
strength and creep resistance of the alloy. Furthermore, the formation of the delta (8) phase at grain boundaries was
found to influence grain growth and microstructural stability during prolonged thermal exposure. These findings
provided valuable insights into the mechanisms governing the physical and mechanical performance of INCONEL 718.

In addition to microstructural investigations, several researchers have examined the thermophysical properties of
INCONEL 718. Mills (2002) studied the thermal properties of nickel-based superalloys and reported that INCONEL
718 exhibits moderate thermal conductivity and relatively low thermal expansion compared with many conventional
engineering alloys. These characteristics are advantageous in high-temperature applications because they help reduce
thermal stresses and improve dimensional stability during operation. Mills also highlighted that the specific heat capacity
of the alloy increases gradually with temperature, which influences heat transfer behavior in high-temperature
environments such as gas turbine engines.

The mechanical performance of INCONEL 718 has also been extensively explored. Donachie and Donachie (2002)
provided a detailed analysis of the mechanical and physical properties of nickel-based superalloys used in aerospace
applications. Their study emphasized that INCONEL 718 maintains high tensile strength and fatigue resistance even at
elevated temperatures. The authors reported that the alloy exhibits excellent resistance to creep deformation, making it
particularly suitable for turbine disks and high-temperature structural components. In addition, they noted that the alloy’s
combination of high strength and corrosion resistance contributes significantly to its widespread use in critical
engineering systems.

Research has also focused on the effect of heat treatment on the properties of INCONEL 718. Eiselstein (1965), who
was involved in the early development of the alloy, demonstrated that controlled heat treatment processes are essential
for achieving the desired precipitation of strengthening phases. According to his findings, solution treatment followed
by aging leads to the formation of finely distributed y” precipitates within the matrix, which significantly enhances the
alloy’s mechanical strength. The study also emphasized that improper heat treatment conditions may result in the
excessive formation of the delta phase, which can reduce mechanical performance.

Further studies have investigated the behavior of INCONEL 718 under high-temperature deformation. Chaturvedi and
Han (1983) examined the creep properties of precipitation-hardened nickel-based superalloys and reported that the
presence of coherent y” precipitates effectively impedes dislocation motion, thereby improving creep resistance. Their
work demonstrated that the stability of these precipitates at elevated temperatures plays a crucial role in determining the
long-term performance of the alloy in high-temperature environments.
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Another important aspect of INCONEL 718 research involves its corrosion and oxidation resistance. Caron and Khan
(1983) studied the oxidation behavior of nickel-based superalloys and reported that the chromium content in INCONEL
718 promotes the formation of a stable chromium oxide layer on the alloy surface. This oxide scale acts as a protective
barrier that prevents further oxidation and degradation of the material at high temperatures. As a result, the alloy is
capable of maintaining its structural integrity even in aggressive environments such as combustion chambers and high-
temperature exhaust systems.

In recent years, researchers have also investigated the physical properties of INCONEL 718 in relation to modern
manufacturing techniques. DebRoy et al. (2018) analyzed the behavior of nickel-based superalloys during additive
manufacturing processes and reported that the rapid thermal cycles associated with these processes can influence
microstructural evolution and physical properties. Their study highlighted that controlling processing parameters is
essential to ensure the formation of desirable microstructures and maintain the thermophysical properties of the alloy.

Another comprehensive review by Pollock and Tin (2006) examined the evolution of nickel-based superalloys for
advanced aerospace applications. The authors emphasized that the exceptional performance of alloys such as INCONEL
718 is a result of decades of research focused on optimizing chemical composition, microstructural stability, and
thermophysical properties. Their work also highlighted the importance of understanding the relationship between alloy
composition, processing conditions, and physical properties in order to develop improved materials for high-temperature
applications.

More recently, Zhang et al. (2019) investigated the temperature-dependent physical properties of INCONEL 718 and
reported that the alloy maintains stable thermal expansion behavior over a wide temperature range. Their findings
indicated that the relatively low coefficient of thermal expansion reduces thermal mismatch stresses in components
subjected to large temperature gradients. This characteristic is particularly important in aerospace and power generation
systems where materials experience repeated heating and cooling cycles.

In addition to experimental investigations, computational modeling has been used to predict the physical behavior of
INCONEL 718. Reed and Rae (2010) utilized advanced modeling techniques to analyze the microstructural stability and
thermophysical behavior of nickel-based superalloys. Their results demonstrated that accurate modeling of precipitation
kinetics and phase transformations can provide valuable insights into the performance of these alloys under various
operating conditions.

Overall, the existing literature clearly demonstrates that the exceptional performance of INCONEL 718 is closely related
to its unique combination of chemical composition, microstructure, and physical properties. Previous studies have
provided extensive insights into the strengthening mechanisms, thermal stability, and corrosion resistance of the alloy.
However, despite significant progress in understanding the mechanical behavior of INCONEL 718, continued research
is required to further explore its thermophysical characteristics and their influence on high-temperature performance.

Therefore, a comprehensive review of the physical properties of INCONEL 718 is essential for consolidating existing
knowledge and identifying potential research directions for future studies. By examining previously published research
on the thermophysical behavior, microstructural characteristics, and high-temperature performance of the alloy, the
present study aims to provide a clearer understanding of the factors that contribute to the remarkable performance of
INCONEL 718 in advanced engineering applications.

© 2026, IJSREM | https://ijsrem.com DOI: 10.55041/IJ]SREM57547 | Page 5


https://ijsrem.com/

International Journal of Scientific Research in Engineering and Management (IJSREM)
Volume: 10 Issue: 03 | March - 2026 SJIF Rating: 8.659 ISSN: 2582-3930

¢e" A,
'JIJSREM\
-

Table 1: Summary of previous research on the physical and mechanical properties of INCONEL 718 superalloy
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3. Microstructure of INCONEL 718

The exceptional mechanical strength and thermal stability of INCONEL 718 are primarily attributed to its complex
microstructure and precipitation-hardening mechanisms. The microstructure of this nickel-based superalloy consists of
a face-centered cubic (FCC) gamma (y) matrix along with several strengthening precipitates such as gamma prime (y")
and gamma double prime (y") phases. In addition, other phases such as delta (3) phase and various carbides may also be
present depending on the processing conditions and heat treatment applied to the alloy. The distribution, morphology,
and stability of these phases play a crucial role in determining the physical and mechanical properties of INCONEL 718.

3.1 Gamma Matrix (y Phase)

The gamma (y) phase forms the primary matrix of INCONEL 718 and possesses a face-centered cubic crystal structure
based on nickel. This matrix phase provides the structural framework within which strengthening precipitates are
distributed. Nickel atoms form the majority of the matrix, while other alloying elements such as iron, chromium,
molybdenum, and niobium dissolve within this matrix through solid-solution strengthening mechanisms. The y matrix
contributes significantly to the alloy’s high-temperature stability and corrosion resistance. Because of its FCC crystal
structure, the gamma phase exhibits good ductility and toughness even at elevated temperatures. This matrix also acts
as the host lattice for precipitation strengthening phases, which are responsible for improving the overall mechanical
performance of the alloy.

3.2 Gamma Prime (7' Phase)

The gamma prime (y') phase is an important strengthening precipitate found in many nickel-based superalloys. In
INCONEL 718, the vy’ phase typically consists of the intermetallic compound Nis(ALTi). Although the volume fraction
of y' is relatively lower compared to some other superalloys, it still contributes to the strengthening of the alloy by
impeding dislocation motion. The y’ phase is characterized by its coherent relationship with the gamma matrix, meaning
that its crystal structure aligns closely with that of the matrix. This coherency helps create obstacles to dislocation
movement during deformation, thereby enhancing the yield strength and creep resistance of the alloy. The presence of
aluminum and titanium in the alloy promotes the formation of these precipitates during heat treatment.
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Figure 2. Schematic representation of the microstructural phases present in INCONEL 718 superalloy including
v matrix, Y’ precipitates, y" precipitates, 6 phase, and carbides.

3.3 Gamma Double Prime (y"” Phase)

The gamma double prime (y") phase is considered the primary strengthening phase in INCONEL 718. This phase is
typically composed of the intermetallic compound NizNb and forms as fine disk-shaped precipitates within the gamma
matrix. The presence of niobium in the alloy promotes the formation of this phase during aging heat treatment. The y”
phase provides significant strengthening by creating a strong barrier to dislocation motion. Due to its coherent nature
and fine distribution within the matrix, it effectively increases the alloy’s yield strength and creep resistance. However,
this phase is metastable at very high temperatures and may transform into the delta phase during prolonged thermal
exposure. Despite this transformation, the y” phase plays a crucial role in determining the mechanical and physical
properties of INCONEL 718.

3.4 Delta Phase (6 Phase)

The delta (8) phase is another important microstructural constituent of INCONEL 718. This phase has an orthorhombic
crystal structure and typically forms at grain boundaries during prolonged heat treatment or exposure to high
temperatures. The delta phase has a composition similar to that of the y” phase but differs in its crystal structure. Although
the & phase does not contribute directly to strengthening, it plays an important role in controlling grain growth during
processing. The presence of delta phase particles along grain boundaries helps stabilize the microstructure by preventing
excessive grain coarsening during heat treatment. However, excessive formation of the & phase may reduce the amount
of y" strengthening precipitates, thereby decreasing the mechanical strength of the alloy.

3.5 Carbide Formation

In addition to the previously mentioned phases, carbides may also form in the microstructure of INCONEL 718. These
carbides typically form during solidification or heat treatment and are often found along grain boundaries. Common
carbide types include MC, M23Cs, and MsC carbides, which contain elements such as niobium, titanium, and chromium.
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Carbides play an important role in improving the grain boundary strength and creep resistance of the alloy. They act as
barriers to grain boundary sliding and help maintain structural stability under high-temperature service conditions.
However, excessive carbide formation may lead to brittleness or reduced ductility if not properly controlled during alloy
processing.

Microstructural Characteristics and Strengthening Mechanism

The overall microstructure of INCONEL 718 is therefore a combination of the y matrix, y’ precipitates, y" precipitates,
0 phase particles, and carbides. The synergy between these phases results in a unique balance of mechanical strength,
thermal stability, and corrosion resistance. Among these phases, the y” phase plays the most dominant role in
precipitation strengthening, while the y' phase provides additional reinforcement to the matrix. Meanwhile, the 6 phase
and carbides contribute to microstructural stability and grain boundary strengthening. The controlled heat treatment
process applied to INCONEL 718 is specifically designed to optimize the distribution and size of these phases. By
carefully regulating solution treatment and aging temperatures, it is possible to achieve an ideal microstructure that
maximizes the alloy’s performance in high-temperature environments.

4. Physical Properties of INCONEL 718 Superalloy

The physical properties of INCONEL 718 play a crucial role in determining its performance in high-temperature and
high-stress environments. These properties influence heat transfer behavior, dimensional stability, electrical
characteristics, and overall material reliability in demanding engineering applications. Due to its carefully controlled
chemical composition and stable microstructure, INCONEL 718 exhibits excellent thermophysical stability over a wide
temperature range. Consequently, the alloy is widely used in aerospace engines, gas turbines, nuclear systems, and
chemical processing equipment where materials must withstand severe thermal and mechanical conditions.

The most significant physical properties of INCONEL 718 include density, melting temperature, thermal conductivity,
specific heat capacity, thermal expansion coefficient, and electrical resistivity. These properties collectively determine
how the material behaves under thermal loading and environmental exposure.

4.1 Density

Density is an important parameter that influences the weight and structural efficiency of engineering components.
INCONEL 718 has a density of approximately 8.19 g/cm?® which is relatively higher than many conventional
engineering alloys. This higher density is mainly due to the presence of heavy alloying elements such as nickel, niobium,
and molybdenum. Despite its relatively high density, the alloy offers an excellent strength-to-weight ratio, making it
suitable for aerospace and high-performance structural components.

4.2 Melting Temperature

The melting temperature of INCONEL 718 ranges between 1260 °C and 1336 °C. This high melting range enables the
alloy to retain its structural stability at elevated temperatures. The high melting point is largely attributed to the strong
metallic bonding present in the nickel-based matrix and the presence of refractory alloying elements such as
molybdenum and niobium. These characteristics allow the alloy to operate effectively in high-temperature environments
such as turbine engines and combustion systems.

4.3 Thermal Conductivity

Thermal conductivity describes the ability of a material to transfer heat. INCONEL 718 exhibits moderate thermal
conductivity, typically around 11.4 W/m-K at room temperature. Although this value is lower than that of many steels
or aluminum alloys, it helps reduce rapid heat transfer and prevents thermal shock in high-temperature applications. As
temperature increases, the thermal conductivity of the alloy gradually rises, allowing controlled heat dissipation during
service.
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4.4 Specific Heat Capacity

Specific heat capacity represents the amount of heat required to raise the temperature of a material by one degree.
INCONEL 718 has a specific heat capacity of approximately 435 J/kg-K at room temperature. This property increases
slightly with increasing temperature. The relatively high specific heat capacity allows the material to absorb significant
thermal energy without undergoing rapid temperature changes, which is beneficial in applications involving cyclic
thermal loading.

4.5 Thermal Expansion Coefficient

The coefficient of thermal expansion (CTE) indicates how much a material expands when subjected to temperature
changes. For INCONEL 718, the CTE is approximately 13 pm/m-°C within the temperature range of 20—1000 °C. This
moderate expansion rate ensures good dimensional stability when the alloy is exposed to temperature fluctuations. In
aerospace systems, maintaining dimensional stability is essential for ensuring proper alignment and operational
efficiency of critical components.

4.6 Electrical Resistivity
Electrical resistivity is another important physical property that influences the electrical and thermal behavior of the
alloy. INCONEL 718 exhibits an electrical resistivity of approximately 1.29 pQ-m at room temperature. This relatively

high resistivity compared to pure metals results from the presence of multiple alloying elements within the nickel matrix.
The resistivity increases with temperature, which is typical for metallic materials.

Table 3: Physical properties of INCONEL 718 superalloy

Property Typical Value Unit
Density 8.19 g/cm?
Melting Temperature 1260 — 1336 °C
Thermal Conductivity ~11.4 W/m-K
Specific Heat Capacity ~435 J/kg K
Thermal Expansion Coefficient ~13 pm/m-°C
Electrical Resistivity ~1.29 pQ-m

5. Mechanical Properties of INCONEL 718

The mechanical properties of INCONEL 718 are among the primary reasons for its widespread use in high-temperature
structural applications. This nickel-based superalloy demonstrates excellent strength, fatigue resistance, and creep
resistance even at elevated temperatures. The superior mechanical performance of INCONEL 718 is largely attributed
to its precipitation-hardened microstructure, particularly the presence of strengthening phases such as y” and v’
precipitates. These phases effectively hinder dislocation motion and enhance the alloy’s resistance to deformation under
mechanical loading.

5.1 Tensile Strength

Tensile strength refers to the maximum stress that a material can withstand before failure under tension. INCONEL 718
exhibits a high ultimate tensile strength (UTS) of approximately 1200-1400 MPa at room temperature, depending on
heat treatment conditions. The high tensile strength of this alloy results from precipitation hardening and solid-solution
strengthening mechanisms. The presence of niobium-rich y” precipitates significantly improves the alloy’s resistance to
plastic deformation.
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5.2 Yield Strength

Yield strength represents the stress level at which permanent deformation begins. INCONEL 718 typically exhibits a
yield strength of about 1000—1100 MPa at room temperature. This high yield strength allows the material to withstand
substantial mechanical loads without experiencing permanent deformation. The precipitation of strengthening phases
during aging heat treatment plays a key role in achieving this high yield strength.

5.3 Hardness

Hardness measures a material’s resistance to localized plastic deformation or indentation. INCONEL 718 typically
exhibits hardness values in the range of 330—400 HB (Brinell hardness) depending on the processing condition and heat
treatment. Higher hardness values are generally achieved after solution treatment and aging processes, which promote
the formation of fine precipitates within the matrix.

5.4 Fatigue Resistance

Fatigue resistance is an important mechanical property for components subjected to cyclic loading conditions.
INCONEL 718 demonstrates excellent fatigue performance due to its strong microstructural stability and high tensile
strength. The presence of coherent strengthening precipitates prevents the initiation and propagation of microcracks
during cyclic stress conditions. As a result, the alloy is widely used in turbine disks, jet engine components, and rotating
machinery where cyclic loading is common.

5.5 Creep Resistance

Creep refers to the slow and time-dependent deformation of a material when subjected to constant stress at elevated
temperatures. INCONEL 718 exhibits remarkable creep resistance due to the presence of y” strengthening precipitates
and solid-solution strengthening elements such as molybdenum and niobium. These microstructural features effectively
restrict dislocation movement and grain boundary sliding at high temperatures. Consequently, the alloy can maintain its
structural integrity in high-temperature environments such as gas turbine engines.

5.6 Fracture Toughness

Fracture toughness describes the ability of a material to resist crack propagation. INCONEL 718 exhibits relatively high
fracture toughness compared with many other high-strength alloys. This property is primarily attributed to its ductile
gamma matrix and uniform distribution of strengthening precipitates. High fracture toughness allows the alloy to absorb
significant energy before catastrophic failure, making it suitable for critical structural components.

Effect of Temperature on Mechanical Properties

Temperature has a significant influence on the mechanical behavior of INCONEL 718. At elevated temperatures, the
tensile and yield strengths gradually decrease due to thermal softening of the matrix and partial coarsening of
strengthening precipitates. However, the alloy retains a considerable portion of its strength even at temperatures
approaching 650-700 °C, which is one of the key reasons for its use in high-temperature aerospace applications.
Additionally, creep resistance becomes increasingly important at higher temperatures, where long-term mechanical
stability is required. The stability of y” precipitates and grain boundary carbides helps maintain structural integrity under
prolonged thermal exposure.
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Table 4: Mechanical properties of INCONEL 718 superalloy

Property Typical Value Unit
Ultimate Tensile Strength 1200 — 1400 MPa
Yield Strength 1000 — 1100 MPa
Hardness 330 -400 HB
Fatigue Strength ~500 MPa
Creep Resistance High up to ~650 °C —
Fracture Toughness ~120 - 150 MPa\m

6 . Industrial Applications of INCONEL 718

INCONEL 718 has gained widespread industrial acceptance due to its exceptional combination of high-temperature
strength, corrosion resistance, oxidation resistance, and excellent mechanical stability. These characteristics make the
alloy highly suitable for applications in extreme environments where conventional engineering materials may fail. The
alloy’s superior performance is largely attributed to its precipitation-hardened microstructure and its ability to retain
mechanical and physical properties at elevated temperatures. Consequently, INCONEL 718 is extensively used in
aerospace, energy, nuclear, and chemical industries.

Applications of INCONEL 718

Nuclear Reactors Medical Devices

Figure 3: Industrial Applications of INCONEL 718
6.1 Aerospace Turbine Engines

One of the most significant applications of INCONEL 718 is in aerospace turbine engines. In modern aircraft engines,
components are exposed to extremely high temperatures, mechanical stresses, and corrosive environments. INCONEL
718 is commonly used in the manufacture of turbine disks, compressor blades, and structural components of jet engines.
Its high tensile strength and creep resistance allow these components to operate reliably under continuous thermal and
mechanical loading conditions. Furthermore, the alloy's resistance to oxidation ensures long service life in combustion
environments.
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6.2 Jet Engines

INCONEL 718 is widely used in jet engine components due to its excellent fatigue resistance and high-temperature
stability. Components such as turbine blades, exhaust systems, and afterburner parts are frequently fabricated from this
alloy. During operation, jet engines experience cyclic loading and rapid temperature fluctuations, which require
materials capable of maintaining mechanical integrity over extended periods. The superior fatigue resistance and thermal
stability of INCONEL 718 make it particularly suitable for these demanding applications.

6.3 Rocket Propulsion Systems

Another important application of INCONEL 718 is in rocket propulsion systems. Rocket engines operate under
extremely high temperatures and pressures, where materials must withstand severe thermal and mechanical stresses.
INCONEL 718 is commonly used in combustion chambers, rocket motor casings, and exhaust nozzles due to its high
strength and resistance to thermal degradation. Its ability to maintain structural integrity under such extreme conditions
makes it a reliable material for space propulsion technologies.

6.4 Nuclear Reactors

INCONEL 718 is also used in nuclear reactor systems due to its excellent resistance to corrosion, radiation damage, and
high-temperature degradation. Components such as reactor core structures, heat exchangers, and control rod mechanisms
often require materials with exceptional reliability and long service life. The alloy’s stable microstructure and resistance
to environmental degradation make it suitable for these critical applications in nuclear power plants.

6.5 Chemical Processing Equipment

In the chemical processing industry, equipment is frequently exposed to aggressive chemical environments and elevated
temperatures. INCONEL 718 is widely used in chemical reactors, pressure vessels, and heat exchanger components due
to its excellent corrosion resistance and mechanical durability. The presence of chromium in the alloy promotes the
formation of a protective oxide layer, which prevents chemical attack and enhances long-term reliability in harsh
environments. Overall, the unique combination of mechanical strength, thermal stability, and corrosion resistance makes
INCONEL 718 an essential material for advanced industrial applications. Its versatility and reliability continue to drive
its adoption in modern engineering systems where performance and safety are critical.

7. Challenges and Future Research Directions

Despite the widespread industrial use of INCONEL 718, several challenges remain regarding its processing, long-term
performance, and adaptation to emerging manufacturing technologies. Continuous research efforts are therefore
necessary to improve the alloy’s microstructural stability, oxidation resistance, and manufacturability. Addressing these
challenges will further enhance the reliability and efficiency of components fabricated from INCONEL 718 in advanced
engineering systems. One of the most significant challenges in recent years is associated with additive manufacturing
(AM) of INCONEL 718. Modern manufacturing techniques such as selective laser melting (SLM) and electron beam
melting (EBM) have enabled the production of complex geometries that are difficult to fabricate using conventional
methods. However, these processes often introduce microstructural heterogeneity, residual stresses, and porosity within
the material. Rapid heating and cooling cycles during additive manufacturing may also influence precipitation behavior
and phase stability, which can affect the mechanical and physical properties of the alloy. Future research should focus
on optimizing process parameters and post-processing heat treatments to ensure consistent microstructural
characteristics and improved mechanical performance. Another important challenge relates to high-temperature
oxidation and environmental degradation. Although INCONEL 718 exhibits good oxidation resistance due to the
presence of chromium, prolonged exposure to extremely high temperatures may lead to the degradation of protective
oxide layers. This can result in surface deterioration and reduced mechanical performance over extended service periods.
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Therefore, further studies are required to improve oxidation resistance through alloy design, surface treatments, and
protective coatings.
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Figure 4: Challenges and Future Research Directions

Maintaining microstructural stability during long-term high-temperature operation is also a critical issue. At elevated
temperatures, the metastable y” strengthening phase may gradually transform into the 8 phase, which can reduce the
alloy’s strength and creep resistance. Controlling this phase transformation is essential for ensuring long-term structural
reliability. Future research should therefore focus on optimizing alloy composition and heat treatment processes to
improve phase stability and prolong service life. In addition, the development of advanced protective coatings represents
a promising approach for enhancing the performance of INCONEL 718 in extreme environments. Thermal barrier
coatings (TBCs) and oxidation-resistant coatings can significantly reduce heat transfer and protect the alloy surface from
environmental damage. Research into novel coating materials and deposition techniques may further extend the
operational limits of INCONEL 718 components. Overall, continued advancements in materials science, manufacturing
technologies, and surface engineering are expected to play a vital role in overcoming current challenges and improving
the performance of INCONEL 718 in future high-temperature applications.

8. Conclusion

INCONEL 718 is one of the most widely used nickel-based superalloys due to its exceptional combination of mechanical
strength, thermal stability, and corrosion resistance. This review has examined the fundamental aspects of INCONEL
718, including its chemical composition, microstructure, physical properties, and mechanical behavior. The alloy derives
its superior performance from a stable nickel-based y matrix strengthened by precipitation phases such as y" and y”, along
with the presence of & phase and carbides that contribute to microstructural stability. The physical properties of
INCONEL 718, including high density, elevated melting temperature, moderate thermal conductivity, and stable thermal
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expansion characteristics, make it highly suitable for high-temperature applications. These thermophysical properties
allow the alloy to maintain dimensional stability and reliable performance in environments involving significant thermal
fluctuations. Furthermore, the alloy exhibits excellent mechanical properties such as high tensile strength, yield strength,
fatigue resistance, creep resistance, and fracture toughness, which enable it to withstand severe mechanical stresses in
demanding operational conditions. Due to these outstanding characteristics, INCONEL 718 has found extensive
applications in aerospace turbine engines, jet propulsion systems, rocket engines, nuclear reactors, and chemical
processing equipment. However, several challenges remain related to additive manufacturing, oxidation resistance at
extreme temperatures, and long-term microstructural stability. Future research efforts focusing on advanced
manufacturing techniques, improved alloy design, and protective coatings are expected to further enhance the
performance and reliability of INCONEL 718 components. Overall, the continued development and optimization of
INCONEL 718 will remain essential for meeting the increasing demands of modern high-temperature engineering
systems and advanced industrial applications.
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