‘,/ International Research Journal of Engineering and Technology (IRJET) e-ISSN: 2395-0056

JET Volume: 11 Issue: 04 | Apr 2024

www.irjet.net

p-ISSN: 2395-0072

AN ANALYSIS AND SIMULATION OF THE ELASTIC AND PHASE TRANSITION
PROPERTIES OF A SELECTION OF ALKALINE EARTH METAL OXIDES

Krapa Shankar Upadhyays}, Prof. (Dr.) D.V. Singh2 & Prof. (Dr.) Y.P. Singh!

Department of Physics, Institute of Applied Science, Mangalayatan University Aligarh, 202146 (U. P.) India.
Department of Physics, Agra College Agra, Dr. Bhimrao Ambedkar University Agra, 202004 (U. P.) India.

Abstract - In this investigates paper the elastic and phase
transition properties of selected alkaline earth metal oxides.
These oxides, including magnesium oxide (MgO), calcium oxide
(Ca0), strontium oxide (Sr0), and barium oxide (BaO), exhibit
diverse characteristics that are crucial for various
applications. The elastic properties, such as Young's modulus
and Poisson’s ratio, play a significant role in determining
material behavior under mechanical stress. Phase transitions,
influenced by factors like temperature and pressure,
significantly impact the material's structural stability and
functionality. Understanding these properties is essential for
the development of advanced materials for applications
ranging from structural engineering to electronics.
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1. Introduction:

The investigation of elastic and phase transition
properties in alkaline earth metal oxides is pivotal for
understanding their behavior in various applications. This
study focuses on selected oxides, including magnesium oxide
(MgO0), calcium oxide (CaO), strontium oxide (SrO), and
barium oxide (Ba0). These oxides possess unique
characteristics owing to their diverse crystal structures and
bonding configurations [1].

Elastic properties, such as Young's modulus and
Poisson's ratio, are essential for assessing the materials’
response to mechanical stress [2-3]. Understanding these
properties aids in the design of materials for structural
applications, including in aerospace and construction
industries.

Moreover, phase transitions, influenced by
temperature and pressure variations, significantly affect the
material's structural stability and functional properties.
Investigating these transitions provides insights into the
materials' behavior under different conditions, facilitating
their utilization in diverse fields such as electronics,
catalysis, and energy storage [4].

This study aims to explore and analyse the elastic
and phase transition properties of selected alkaline earth
metal oxides, contributing to the advancement of materials
science and technology.

Alkaline Earth Metal Oxides: Alkaline earth metal

oxides are chemical compounds formed when oxygen
atoms combine with elements from the alkaline earth

metal group of the periodic table [5].

Radium

Strontium Barium

Fig.1: Alkaline Earth Metal Oxides.

These metals include beryllium (Be), magnesium (Mg),
calcium (Ca), strontium (Sr), barium (Ba), and radium (Ra).
The resulting compounds have the general formula MxO,
where M represents the alkaline earth metal [6].

These oxides exhibit several common

typically

characteristics:

Basic Properties, Versatility in Applications
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1.1. High Melting Points: Alkaline earth metal oxides
generally have high melting points, making them useful in
applications where heat resistance is necessary, such as in
refractory materials [7-8]. High melting points refer to the
temperature at which a substance changes from a solid to a
liquid phase. In the case of alkaline earth metal oxides, such
as magnesium oxide (MgO0), calcium oxide (Ca0), and others,
they exhibit high melting points due to several factors:

Strong Ionic Bonds Alkaline earth metal oxides are
composed of metal cations (e.g, Mg2+, Ca2+) and oxide
anions (02-). The bonding between these ions is primarily
ionic, which means that there are strong electrostatic
attractions between the positively charged metal ions and
the negatively charged oxide ions. These strong bonds
require a significant amount of energy to break, leading to
high melting points [9].

The crystal structure of alkaline earth metal oxides
contributes to their high melting points. These compounds
often have a closely packed lattice structure, with ions
arranged in a regular pattern. The arrangement of ions in the
crystal lattice influences the strength of the bonds and the
overall stability of the solid, thus affecting the melting point
[10].

The lattice energy, which is the energy required to
separate the ions in the crystal lattice, is also a factor in
determining the melting point. Alkaline earth metal oxides
have high lattice energies due to the strong ionic interactions
between the metal and oxide ions. As a result, a substantial
amount of energy is needed to overcome these interactions
and melt the solid [11].

The combination of strong ionic bonds, crystal
structure, and high lattice energy contributes to the high
melting points observed in alkaline earth metal oxides [12].
This property makes them useful in applications where heat
resistance is required, such as in refractory materials and
high-temperature processes.

1.2. Insolubility in Water: Most alkaline earth metal oxides
are insoluble in water, although they may react with water to
form hydroxides, particularly in the presence of heat. The
insolubility of alkaline earth metal oxides in water is
primarily due to their strong ionic bonds and the properties
of water molecules.

Alkaline earth metal oxides, such as magnesium
oxide (MgO) and calcium oxide (Ca0O), consist of metal
cations (e.g., Mg2+, Ca2+) and oxide anions (02-). These ions
are held together by strong electrostatic attractions, known
as ionic bonds. When these oxides are placed in water, the
water molecules (H20) are not able to break the strongionic
bonds between the metal and oxide ions [13]. As aresult, the
oxides remain intact as solid particles and do not dissolve in
water.

Water molecules are polar, meaning they have a
positive end (hydrogen atoms) and a negative end (oxygen
atom). When an ionic compound, such as an alkaline earth
metal oxide, is placed in water, the polar water molecules
surround the ions of the compound. However, the strong
attraction between the metal and oxide ions overwhelms the
weaker interactions between the water molecules and the
ions, preventing the oxides from dissolving.

Hydration Energy In some cases, when alkaline
earth metal oxides react with water, they form hydroxides
through hydration reactions. However, these reactions
typically occur slowly and are limited by factors such as
surface area and reactivity of the oxide [14]. For example,
calcium oxide (CaO) reacts with water to form calcium
hydroxide (Ca (OH)2), but this reaction is relatively slow
compared to other metal oxides.

The insolubility of alkaline earth metal oxides in
water is a consequence of their strong ionic bonds and the
inability of water molecules to overcome these bonds and
effectively solvate the ions. This property has important
implications in various industries, such as construction and
manufacturing, where these oxides are used for their specific
properties without the risk of unwanted dissolution in
water.

1.3. Basic Properties, Versatility in Applications: When
dissolved in water, alkaline earth metal oxides produce
hydroxide ions, giving them alkaline or basic properties. This
makes them useful in neutralizing acidic substances and in
various chemical processes. These oxides find applications in
awide range of industries. For example, magnesium oxide is
used in refractory materials, electrical insulation, and as a
component in cements. Calcium oxide, also known as
quicklime, is used in cement production, as a desiccant, and
in the steel industry [15-16]. Strontium oxide and barium
oxide are used in various applications including in cathode
materials for solid oxide fuel cells, phosphors, and specialty
glasses.

The basic properties and versatility in applications
of alkaline earth metal oxides stem from their chemical
nature and physical characteristics.
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Basic Properties

Versatility in Applications:

The basic properties and versatility of alkaline earth
metal oxides make them valuable materials with diverse
applications across numerous fields, contributing to
advancements in technology, infrastructure, and
manufacturing processes [19]. In the alkaline earth metal
oxides are valuable compounds with diverse applications
due to their unique properties and versatility.

2. ELASTIC PROPERTIES

Elastic properties refer to the mechanical behavior of
materials under the application of external forces,
specifically how they deform and return to their original
shape when the forces are removed [20-21]. When
discussing elastic properties in the context of materials like
alkaline earth metal oxides, several key characteristics are
typically considered:

2.1.Young's Modulus (E): Young's modulus is a measure of
a material's stiffness or resistance to deformation under
tensile or compressive stress. It quantifies the relationship
between stress (force per unit area) and strain (relative
deformation) in the linear elastic region of a material's
stress-strain curve. A higher Young's modulus indicates a
stiffer material that requires more force to induce a given
amount of deformation [22].

2.2. Shear Modulus (G): Shear modulus describes a
material's resistance to shear deformation when subjected to
tangential or shear stress. It quantifies the relationship
between shear stress and shear strain in the linear elastic
region. Like Young's modulus, a higher shear modulus
indicates a stiffer material in response to shear forces [23].

2.3. Bulk Modulus (K): Bulk modulus measures a material's
resistance to uniform compression or volume change under
hydrostatic pressure. It quantifies the relationship between
hydrostatic stress and volumetric strain. A higher bulk
modulus indicates a material that is less compressible and
more resistant to volume changes [24].

2.4.Poisson's Ratio (v): Poisson's ratio describes the ratio
of lateral strain (transverse deformation) to axial strain
(longitudinal deformation) when a material is stretched or
compressed. It provides insights into how a material
deforms in response to applied stress. Poisson's ratio
typically ranges between -1 (for incompressible materials)
and 0.5 (for highly compressible materials), with most
materials having values between 0 and 0.5 [25].

In the case of alkaline earth metal oxides, their
elastic properties are influenced by factors such as crystal
structure, bond strength, and defect density. Understanding
these properties is crucial for various applications, including
structural  engineering,  materials  science, and
manufacturing, where the mechanical behavior of materials
under different conditions is essential for performance and
reliability.

3. PHASE TRANSITIONS

Phase transitions in materials refer to changes in their
physical state or structure due to alterations in temperature,
pressure, or other external conditions. In the context of
alkaline earth metal oxides, such as magnesium oxide (Mg0),
calcium oxide (CaO), and others, understanding phase
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transitions is crucial for predicting and controlling their
behavior in various applications [26].
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Fig.2: Phases (States) of Matters

Here's an explanation of phase transitions in these
materials:

3.1. Crystal Structure Changes: Phase transitions in
alkaline earth metal oxides often involve alterations in their
crystal structure. These oxides typically crystallize in one of
several common structures, such as the rock salt (NaCl)
structure, the perovskite structure, or various polymorphs.
Changes in temperature or pressure can induce transitions
between these different crystal structures, leading to
alterations in material properties [27].

3.2. Melting and Solidification: One of the most familiar
phase transitions is the melting and solidification of
materials. Alkaline earth metal oxides have high melting
points due to their strong ionic bonds. At elevated
temperatures, these oxides may undergo a phase transition
from a solid state to a liquid state (melting), and vice versa
(solidification), as the thermal energy overcomes the forces
holding the crystal lattice together [28].

3.3. Polymorphic Transitions: Alkaline earth metal oxides
often exist in different polymorphic forms, meaning they can
adopt multiple crystal structures under different conditions.
Polymorphic transitions involve transformations between
these different crystal structures. For example, calcium oxide
(Ca0) can undergo a polymorphic transition from the cubic
rock salt structure to a more complex perovskite structure
under certain conditions [29].

3.4. Phase Diagrams: Phase diagrams provide a graphical
representation of the equilibrium phases of a material as a
function of temperature, pressure, and composition. Phase
diagrams for alkaline earth metal oxides can reveal the
conditions under which different phases are stable and the

boundaries between them. These diagrams are valuable for
understanding and predicting phase transitions in these
materials [30].

Understanding the phase transition properties of
alkaline earth metal oxides is essential for optimizing their
performance in various applications, including catalysis,
materials synthesis, and energy storage. By controlling phase
transitions, researchers can tailor the properties of these
materials to meet specific technological requirements [31].

4. MATERIAL BEHAVIOR

Material behavior refers to how a substance responds to
external stimuli, such as mechanical forces, temperature
changes, and electromagnetic fields. The behavior of
materials, including alkaline earth metal oxides, is governed
by their intrinsic properties and the interactions between
their constituent atoms or molecules [32].

Here's an explanation of material behavior in the
context of alkaline earth metal oxides:

Mechanical Behavior:

e Mechanical behavior encompasses how a material
responds to applied forces, including deformation,
stress, and strain. For alkaline earth metal oxides,
their mechanical behavior is influenced by factors
such as their crystal structure, bonding types, and
defect density.

e These oxides can exhibit elastic behavior, where
they deform reversibly under stress and return to
their original shape when the stress is removed.
They can also undergo plastic deformation, where
irreversible changes occur in the material's shape
[33].

o The mechanical properties of alkaline earth metal
oxides, such as their stiffness, strength, and
ductility, determine their suitability for structural
applications, such as in building materials, ceramics,
and engineering components.

Thermal Behavior:

e Thermal behavior refers to how a material responds
to changes in temperature, including expansion,
contraction, and phase transitions. Alkaline earth
metal oxides typically have high melting points due
to their strong ionic bonds.

e At elevated temperatures, these oxides may
undergo phase transitions, such as melting,
solidification, or polymorphic transformations,
which can significantly alter their properties [35].

e Understanding the thermal behavior of alkaline
earth metal oxides is essential for applications
where  high-temperature stability, thermal
insulation, or heat conduction properties are
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required, such as in furnace linings, refractory
materials, and thermal barrier coatings.

Electrical Behavior:

e Electrical behavior refers to how a material
conducts or resists the flow of electric current.
Alkaline earth metal oxides can exhibit a wide range
of electrical properties, including insulating,
semiconducting, or even superconducting behavior.

e The electrical properties of these oxides depend on
factors such as their crystal structure,
stoichiometry, and doping. For example, magnesium
oxide is an insulator, while some doped forms of
calcium oxide can exhibit semiconducting behavior
[36].

e Understanding the electrical behavior of alkaline
earth metal oxides is crucial for applications in
electronics, telecommunications, and energy
storage, where materials with specific electrical
properties are required.

In the material behavior of alkaline earth metal oxides
encompasses their mechanical, thermal, and electrical
responses to external stimuli, which determine their
suitability for various applications across different
industries. Understanding and controlling these behaviors
enable the design and optimization of materials with tailored
properties and functionalities [37].

5. STRUCTURAL STABILITY

Structural stability refers to the ability of a material to
maintain its integrity and resist deformation or failure when
subjected to various external loads, environmental
conditions, or disturbances. In the context of alkaline earth
metal oxides, structural stability is crucial for ensuring their
performance and reliability in different applications [38].

Here's an explanation of the factors influencing the
structural stability of these materials:
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Fig.3: Platinum single-atom catalyst coupled with
transition metal [39].

5.1. Crystal Structure: The arrangement of atoms orions in
the crystal lattice of alkaline earth metal oxides plays a
fundamental role in determining their structural stability.
Materials with well-defined and ordered crystal structures
tend to exhibit higher stability compared to those with
defects or irregularities in their lattice arrangement [40].

5.2. Bonding Characteristics: The type and strength of
chemical bonds between atoms or ions in the material also
affect its structural stability. Alkaline earth metal oxides
typically feature strong ionic bonds between the metal
cations and oxide anions. These bonds provide stability and
contribute to the material's resistance to deformation and
fracture [41].

5.3. Defects and Imperfections: Structural defects, such as
vacancies, dislocations, and grain boundaries, can weaken
the material and compromise its stability. Controlling the
formation and distribution of defects is essential for
enhancing the structural stability of alkaline earth metal
oxides. Techniques such as doping, alloying, and annealing
can be employed to minimize defects and improve stability
[42].

5.4. Temperature and Pressure: Changes in temperature
and pressure can induce phase transitions and alter the
structural stability of alkaline earth metal oxides.
Understanding the phase diagrams and phase transition
behavior of these materials is crucial for predicting their
stability under different environmental conditions [43].

5.5. Mechanical Properties: The mechanical properties of
alkaline earth metal oxides, including elasticity, strength, and
hardness, are closely related to their structural stability.
Materials with higher mechanical strength and stiffness are
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generally more stable and resistant to deformation or failure
under applied loads [44].

In this case achieving and maintaining structural
stability is essential for ensuring the reliability and
performance of alkaline earth metal oxides in various
applications, including construction materials, ceramics,
electronics, and catalysis [45]. By understanding the factors
influencing structural stability and optimizing material
properties accordingly, researchers can develop alkaline
earth metal oxides with enhanced stability and functionality
for specific technological needs.

6. Conclusion:

An Analysis and Simulation of The Elastic and Phase
Transition Properties of a Selection of Alkaline Earth Metal
Oxides is the basic introduction in alkaline earth metal
oxides on the sub parts is high melting points, Insolubility in
water, Basic properties, Versatility in applications. There are
basic information Elastic properties is a sub parts: Young s
Modulus (E), Shear Modulus (G), Bulk Modulus (K), Poisson
Ratio (V). In the next parts in explain Phase Transitions in
the sub parts: Crystal Structure Changes, Melting and
Solidification, Polymorphic Transitions, Phase Diagrams. The
Material Behavior is sub parts: Mechanical Behavior,
Thermal Behavior, Electrical Behavior. This is most
important tram of the Structural Stability is sub parts:
Crystal Structure, Bonding Characteristics, Defects and
Imperfections, Temperature and Pressure, Mechanical
Properties.
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