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Abstract

The mechanical properties of cubic metals are strongly influenced by temperature and the presence
of lattice defects, which play a critical role in determining their structural stability and performance.
This review focuses on the application of the Embedded Atom Method (EAM) to investigate the effects
of temperature variation and defects such as vacancies, dislocations and grain boundaries on Face-
Cantered Cubic (FCC) and Body-Cantered Cubic (BCC) metals. EAM-based simulations provide atomistic
insights into changes in elastic constants, yield strength and deformation mechanisms under different
thermal conditions. The study highlights how increasing temperature generally reduces strength and
stiffness, while defects significantly alter plastic behaviour and failure mechanisms. Furthermore, the
review discusses recent advancements in computational modelling techniques for accurately predicting
material behaviour. This work in the result emphasizes the importance of combining temperature effects
and defect analysis to better understand and design cubic metals for advanced engineering applications.

Keywords: Embedded Atom Method (EAM); Cubic metals; Mechanical properties; Temperature effects;
Crystal defects; Atomistic simulation

List of abbreviations: p (Rho): Electron Density; ¢ (Phi): Pair Potential; EAM: Embedded Atom Method;
FCC: Face-Centered Cubic; BCC: Body-Centered Cubic; MD: Molecular Dynamics; TEM: Transmission
Electron Microscopy; DFT: Density Functional Theory; HV: Vickers Hardness; o_y: Yield Strength; p:
Electron Density; ¢: Pair Potential

Introduction

Cubic metals, particularly Face-Centered Cubic (FCC) and Body-Centered Cubic (BCC)
structures, are widely used in engineering applications due to their excellent mechanical
properties such as strength, ductility and toughness [1]. Understanding how these properties
are influenced by external and internal factors is essential for improving material performance
in real-world conditions. Among these factors, temperature and crystal defects play a crucial
role in determining the mechanical behavior of metals at the atomic level. Temperature
significantly affects atomic vibrations, diffusion processes and phase stability in cubic metals.
As temperature increases, atomic mobility also increases, which can lead to a reduction
in yield strength, elastic modulus and structural stability. On the other hand, defects such
as vacancies, dislocations and grain boundaries act as stress concentrators and influence
deformation mechanisms, including slip and dislocation motion. These defects can either
strengthen or weaken the material depending on their nature, density and distribution [2].

The Embedded Atom Method (EAM) has emerged as a powerful computational tool
for studying the mechanical properties of metals at the atomistic scale. It enables accurate
modeling of interatomic interactions and delivers detailed insights into how temperature
and defects influence material behavior. By combining temperature-dependent simulations
with defect analysis, researchers can predict mechanical responses more effectively [3]. This
review aims to explore recent developments in this field, highlighting the role of EAM in
advancing the understanding of cubic metals under varying conditions [4].
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Historical Background

The study of mechanical properties of metals has evolved
significantly over the past century, beginning with classical
continuum theories and experimental observations. Early research
focused on macroscopic behaviour but lacked insight into atomic-
scale mechanisms [5]. With the development of crystallography in
the early 20th century, scientists identified cubic crystal structures
such as Face-Cantered Cubic (FCC) and Body-Cantered Cubic (BCC),
which helped explain deformation and slip systems in metals.

The introduction of computational methods in the late 20th
century marked a major advancement. In particular, the Embedded
Atom Method (EAM), developed in the 1980s, provided a reliable
approach to model interatomic interactions in metallic systems. This
method enabled researchers to simulate the effects of temperature
and defects such as vacancies and dislocations on mechanical
behaviour at the atomic level [6]. In this time improvements in
computational power and simulation techniques have made EAM a
widely used tool for studying and predicting the properties of cubic
metals.

The present work reviews the influence of temperature and
crystal defects on the mechanical properties of cubic metals using
the Embedded Atom Method (EAM). It focuses on analysing how
variations in temperature and the presence of defects such as
vacancies, dislocations and grain boundaries affect properties like
strength, elasticity and deformation behaviour in FCC and BCC
metals. The review compiles recent research findings and highlights
the effectiveness of EAM simulations in providing atomistic-level
understanding of material responses under different conditions [7].

For future work, there is significant scope to enhance the
accuracy of simulations by integrating EAM with advanced
computational techniques such as machine learning and multiscale

modelling. Further studies can explore complex defect interactions,
alloy systems and extreme environmental conditions like high
pressure and irradiation [8]. Additionally, simulation validation
of simulation results will be crucial for developing more reliable
models and designing high-performance materials for advanced
technological applications.

Embedded Atom Method (EAM) and atomistic simulation

The Embedded Atom Method (EAM) is a widely used
computational approach for modelling the behaviour of metallic
systems at the atomic scale. It is based on the concept that the
total energy of a metal is not only determined by pairwise atomic
interactions but also by the embedding energy, which depends on
the local electron density surrounding each atom [9]. This makes
EAM particularly suitable for simulating metallic bonding, where
electron clouds are shared among atoms.

Atomistic simulation using EAM enables researchers to study
the mechanical and physical properties of materials by tracking the
motion and interaction of individual atoms under various conditions
such as temperature, pressure and applied stress. It provides
detailed insights into microscopic phenomena like dislocation
movement, crack propagation and phase transformations, which
are difficult to observe experimentally [10].

EAM has been successfully applied to Face-Cantered Cubic
(FCC) and Body-Cantered Cubic (BCC) metals, helping to predict
properties such as elastic constants, surface energy and defect
formation energy [11]. With advancements in computational power
atomistic simulations have become an essential tool in materials
science, allowing accurate prediction and design of advanced
materials for engineering applications (Table 1, [12,13]; Table 2,
[14]; Figure 1, [15]; Figure 2, [16]; Figure 3, [17]).

Table 1: Components of Embedded Atom Method (EAM) with example values.

Component Symbol Typical Value (Example) Unit Description
Pair Potential (1) 0.1-0.5 (at ~2-3A distance) eV Interaction energy between two atoms
Electron Density p(r) 4 - 6 (dimensionless or e/A® approx.) e/A3 Contribution of neighboring atoms
Embedding Energy F(p) -2to-5 eV Energy to embed atom in electron cloud
Total Energy E -3to-6 eV/atom Sum of all energy contributions [12,13]
Table 2: Advantages of EAM in atomistic simulation (with typical values).
Feature Description Typical Value Example
Realistic Metal Modeling Accurately represents metallic bonding using electron density concept px5
Pair Interaction Includes distance-based atomic interaction (pair potential) p~0.4eV
Defect Analysis Efficiently models vacancies, dislocations and grain boundaries Energy = -3 to -5eV
Temperature Effects Simulates thermal behavior and atomic vibrations [14] T =300-1000K
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Figure 1: Schematic of embedded atom method concept [15].
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Figure 2: Atomistic simulation representation.
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Figure 3: Schematic illustration of atomistic modelling strategies. Representative length and time scales for AIMD

and CMD simulations are indicated along the axes [17]. Some typical nanostructured materials (such as fullerene,

nanoparticle, nanotube, graphene and nanocrystalline/nano twinned metals) are showed as illustrative examples for
different characteristic length and time scales accessible in atomistic modelling.
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Cubic metals and their mechanical properties

Cubic metals, including Face-Cantered Cubic (FCC) and Body-
Cantered Cubic (BCC) structures, are widely used in engineering due
to their excellent mechanical properties. FCC metals, such as copper
(Cu), aluminium (Al) and nickel (Ni) are known for high ductility,
good toughness and moderate strength. In contrast, BCC metals,
such as iron (Fe), chromium (Cr) and tungsten (W), generally have
higher strength but lower ductility at room temperature [18]. The
mechanical properties of cubic metals, including elastic modulus,
yield strength, hardness and tensile strength, are influenced by

Table 3: Mechanical properties of selected cubic metals.

factors such as crystal structure, temperature, and the presence
of defects. Understanding these properties at the atomic level
allows engineers and scientists to design metals with tailored
characteristics for specific applications [19].

Atomistic simulations, especially using the Embedded Atom
Method (EAM), help analyse these mechanical properties under
different conditions. These simulations can predict how atoms
move under stress, the formation of dislocations and the effect
of grain boundaries on strength. This knowledge is crucial for
designing high-performance materials for aerospace, automotive
and structural applications [20]; (Table 3, [21,22]; Figure 4, [23]).

Metal Crystal Structure Elastic Modulus (GPa) Yield Strength (MPa) Hardness (HV)
Cu FCC 110 70 50
Al FCC 55 30
Ni FCC 200 140 100 [21]
Fe BCC 210 250 150
w BCC 400 550 350 [22]
Lattice point locations
-
- -
- -
- -

Cubie unit cells

Primitive cubic

Body-centered cubic

Face-centered cubic

Figure 4: Schematic of Cubic Metal Structures [23].

Temperature effects and crystal defects

The mechanical behavior of cubic metals is highly influenced
by temperature and the presence of crystal defects. As temperature
increases, atomic vibrations intensify, which generally reduces
elastic modulus, yield strength and hardness. High temperatures
can also promote dislocation movement, grain boundary sliding
and even phase transformations, which may lead to softening
of the metal. Crystal defects, including vacancies, dislocations

and grain boundaries, significantly alter mechanical properties
[24]. Vacancies create stress concentrations dislocations enable
plastic deformation and grain boundaries can either strengthen
or weaken the metal depending on their size and distribution. The
interaction of temperature and defects is critical in determining a
metal’s overall mechanical response. Atomistic simulations using
the Embedded Atom Method (EAM) allow detailed study of these
effects, providing quantitative predictions of how metals behave
under combined thermal and defect influences [25]; (Table 4, [26]).

Table 4: Effect of temperature and defects on cubic metal properties.

Metal Crystal Structure Temp (K) Yield Strength (MPa) Defect Type
Cu FCC 300 70 Vacancy
Cu FCC 600 50 Dislocation
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Fe BCC 300 250 Grain Boundary

Fe BCC 900 180 Vacancy [26]

Ni FCC 500 120 Dislocation
Yield Strength (MPa) | ®

I
| Fe (BCC) 300K

| ®
| Fe (BCC) 900K
| ®

| Cu (FCC) 300K

This schematic shows how increasing temperature and
different defect types reduce the yield strength of cubic metals [27].

> Temperature / Defect Type

The Figure 5 shows the effect of temperature and defects on
yield strength of cubic metals. As temperature rises from 300K to
900K, both Fe (BCC) and Cu (FCC) exhibit reduced yield strength.
Defects like vacancies and dislocations further lower strength,
highlighting the combined influence of thermal and structural

1000

| o factors on mechanical performance [28].
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Figure 5: Temperature and defect effects on metal strength.
Results systems. The reviewed results indicate a clear temperature-

The present review demonstrates that the mechanical response
of cubic metals is strongly governed by the combined effects of
temperature and crystal defects. The Embedded Atom Method
(EAM) provides an effective atomistic framework for investigating
these effects by incorporating both pairwise atomic interactions
and the embedding energy associated with the local electron
density. This formulation enables the prediction of structural and
mechanical responses at the atomic scale, particularly for Face-
Centered Cubic (FCC) and Body-Centered Cubic (BCC) metallic

dependent degradation of mechanical strength and stiffness.
With increasing temperature, enhanced atomic vibrations and
increased atomic mobility reduce the resistance of the crystal
lattice to deformation. Consequently, elastic modules yield strength
and hardness generally decrease at elevated temperatures.
The reported data show that the yield strength of Fe with a BCC
structure decrease from approximately 250MPa at 300K to 180MPa
at 900K. Similarly, Cu with an FCC structure exhibits a reduction
in yield strength from approximately 70MPa at 300K to 50MPa at
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600K. These observations confirm the thermally activated nature of
plastic deformation in cubic metals.

Crystal defects were also found to exert a substantial influence
on mechanical performance. Vacancies generate local lattice
distortions and stress concentrations, whereas dislocations act as
primary carriers of plastic deformation through their motion along
crystallographic slip systems. Grain boundaries modify the local
atomic environment and can either enhance or reduce mechanical
strength depending on their structural configuration, density
and distribution. The interaction between defects and thermal
activation is particularly important because elevated temperature
facilitates defect mobility, dislocation glide, grain-boundary
migration and other deformation mechanisms.

The comparative analysis of FCC and BCC metals further
indicates that crystal structure plays a decisive role in determining
mechanical behaviors. FCC metals such as Cu, Al and Ni generally
exhibit higher ductility and toughness, whereas BCC metals such as
Fe and W demonstrate comparatively higher strength and stiffness,
particularly under suitable temperature conditions. The reported
elastic modulus values range from approximately 70GPa for Al to
400GPa for W, demonstrating the significant influence of atomic
bonding and crystal structure on elastic response. EAM-based
atomistic simulations provide quantitative insights into elastic
deformation, defect formation, dislocation behaviors, thermal
softening, and strength degradation. The method is therefore
highly suitable for analyzing coupled thermal-defect effects that are
difficult to resolve through conventional macroscopic approaches.

Conclusion

The present review establishes that temperature and crystal
defects are critical controlling parameters for the mechanical
properties of cubic metals. Increasing temperature generally
promotes atomic vibrations and defect mobility, resulting in a
reduction in elastic stiffness, yield strength and hardness. At
the same time, vacancies, dislocations and grain boundaries
introduce local structural heterogeneities that substantially modify
deformation and failure mechanisms. The Embedded Atom Method
offers a robust atomistic approach for capturing these complex
interactions because it accounts for the many-body nature of
metallic bonding through electron-density-dependent embedding
energy. Its application to FCC and BCC metals enables detailed
analysis of temperature-dependent mechanical behaviors and
defect-mediated plasticity. The combined influence of thermal
effects and lattice imperfections is therefore essential for reliable
prediction of mechanical performance under realistic service
conditions. The findings suggest that EAM-based simulations can
support the design and optimization of high-performance metallic
materials for aerospace, automotive, structural and other advanced
engineering applications. Future research should focus on
coupling EAM with molecular dynamics, machine-learning-based
interatomic potentials, multiscale modelling and experimentally
validated computational frameworks. Particular attention should
be given to complex defect interactions, alloying effects, high-

pressure environments, irradiation damage, and extreme thermal
conditions. Such integrated approaches can improve the predictive
capability of atomistic modelling and contribute to the development
of defect-tolerant, thermally stable and mechanically optimized
cubic metallic materials.
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