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Abstract

The melting behavior of metals under varying pressures provides essential insight into their
thermodynamic and structural properties, with significant implications for material science, metallurgy,
and geophysics. This study investigates the correlation between melting temperature and pressure for
selected metals by applying the Melting Law, which establishes a theoretical framework to predict the
variation of melting point with external pressure[1]. According to the Clapeyron equation and
Lindemann’s criterion, the melting temperature of a metal generally increases with pressure due to the
reduction in atomic volume and the enhancement of lattice stability. Using experimental and literature-
based data for metals such as aluminum, copper, iron, and nickel, the study analyzes how pressure
influences atomic vibrations, cohesive energy, and interatomic forces, all of which determine the melting
process[2].The results reveal that the rate of increase in melting temperature with pressure depends
strongly on the metal’s bonding nature, atomic packing, and compressibility. Transition metals with
stronger metallic bonding, such as iron and nickel, exhibit a steeper pressure dependence than softer metals
like aluminum. The findings also confirm that deviations from linearity occur at higher pressures, where
electronic transitions and phase changes alter the melting behavior. The theoretical predictions derived
from the Melting Law are in good agreement with available experimental data, validating its applicability
across a wide pressure range[3].This study contributes to a deeper understanding of the thermodynamic
relationship between pressure and melting temperature, offering a reliable predictive model for high-
pressure conditions relevant to industrial metal processing and planetary interior studies. Future work may
involve computational simulations to refine the constants in the Melting Law for broader classes of
materials[4].

Keywords: Melting Law; Melting Temperature; Pressure Dependence; Metals; Thermodynamics; Phase
Transition; High-Pressure Behavior; Clapeyron Equation; Lindemann’s Criterion; Metallic Bonding.

Introduction

The study of melting behavior in metals is a fundamental aspect of materials science and thermodynamics.
Understanding how melting temperature varies with pressure provides valuable insights into the atomic
structure, bonding nature, and thermodynamic stability of metals under diverse conditions. Melting is a
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first-order phase transition in which a solid transforms into a liquid as the temperature increases. The
process depends not only on temperature but also on external pressure, which can significantly alter the
energy required to overcome the cohesive forces binding the atoms in the solid phase. The relationship
between melting temperature and pressure is crucial for predicting the behavior of metals in industrial,
geological, and planetary environments where materials are often subjected to extreme conditions[5]. At
atmospheric pressure, each metal possesses a characteristic melting temperature determined by the balance
between vibrational and cohesive energies. However, under elevated pressures, atoms are forced closer
together, leading to changes in interatomic spacing, volume, and potential energy. These changes influence
the stability of both the solid and liquid phases. In general, for most metals, an increase in pressure leads
to an increase in melting temperature because the solid phase is typically denser than the liquid phase[5-
6]. Consequently, higher energy (and thus a higher temperature) is required to overcome the stronger
interactions at higher pressures. This fundamental concept forms the basis of the Melting Law, which
provides a mathematical relationship between pressure and melting temperature[6]. The Melting Law is
derived from thermodynamic principles, particularly from the Clapeyron equation, which expresses the
slope of the phase boundary between solid and liquid phases on a pressure—temperature (P-T) diagram.
The Clapeyron equation is given as:

dT/dP =T(VL - Vs)/L

where T is the temperature, P is the pressure, Vi and Vs are the molar volumes of the liquid and solid
phases, respectively, and L is the latent heat of fusion. This equation shows that the change in melting
temperature with pressure depends on the difference in molar volume between the two phases and the
amount of heat required for the phase transition. Since most metals have smaller liquid volumes compared
to their solids the slope dT/dP is usually positive, indicating that the melting temperature increases with
pressure[7]. Several theoretical models have been proposed to describe this relationship more precisely.
Among them, Lindemann’s criterion and Simon Glatzel equation are widely used. Lindemann’s theory
connects the melting temperature with the amplitude of atomic vibrations, suggesting that melting occurs
when the amplitude reaches a critical fraction of the interatomic spacing. The Simon—Glatzel equation, on
the other hand, provides an empirical relationship expressed as:

Twm=To ( 1+ P/a)°

Where Twm 1s the melting temperature at pressure P, T, is the melting temperature at ambient pressure, a
and b are material-dependent constants. This form of the Melting Law effectively fits experimental data
for many metals and is useful for estimating melting temperatures under high pressures when direct
measurements are difficult[8]. Experimental studies on metals such as aluminum, copper, iron, and nickel
have revealed distinct variations in the pressure dependence of melting temperatures. For example,
transition metals like iron and nickel exhibit steep increases in melting temperature with pressure due to
their strong metallic bonding and dense atomic packing[9]. In contrast, lighter metals such as aluminum
show a relatively moderate increase. These differences arise from variations in atomic radius, electron
configuration, and bonding strength, which determine how compressible each metal is under pressure.
Understanding this relationship has broad practical importance. In metallurgy and materials engineering,
knowing how metals respond to pressure and temperature helps in designing alloys and manufacturing
processes such as casting, forging, and sintering, where precise temperature control is critical. In
geophysics, the melting curves of iron and nickel are vital for modeling the Earth’s core, where pressures
exceed hundreds of gigapascals[10]. The solid—liquid phase boundaries influence the dynamics of the
inner and outer core, magnetic field generation, and thermal evolution of the planet. Similarly, in planetary
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science, studying the melting behavior of metals aids in interpreting the internal structures and thermal
histories of other terrestrial planets and satellites. From a theoretical standpoint, studying the melting law
deepens our understanding of atomic interactions and energy distributions within metallic systems. The
interplay between pressure, temperature, and atomic vibrations governs many other phenomena, such as
diffusion, plastic deformation, and recrystallization[11]. The knowledge gained from studying melting
under pressure also supports the development of computational models based on molecular dynamics and
density functional theory, which are increasingly used to predict high-pressure phase transitions[12].
Despite extensive studies, accurately determining melting points under high pressure remains challenging.
Experimental techniques such as diamond anvil cells and laser-heated setups are used to generate and
measure extreme conditions, but they often face issues of thermal gradients and calibration errors.
Therefore, theoretical models like the Melting Law are indispensable for extrapolating and interpreting
data, particularly when direct measurements are impractical. By comparing predicted and experimental
melting curves, one can assess the validity of the thermodynamic assumptions and refine the constants in
the melting law for different classes of metals[13]. In this study, the Melting Law is employed to explore
the relationship between melting temperature and pressure for selected metals, including aluminum,
copper, iron, and nickel. These metals are chosen due to their industrial significance and differing atomic
structures, which allow for comparative analysis[14]. The main objective is to examine how well the
theoretical predictions match experimental observations and to understand the underlying physical factors
that cause variations among metals. The investigation emphasizes the influence of atomic packing,
bonding strength, and compressibility on the melting process[15].

The expected outcome is to establish a clear correlation between melting temperature and pressure,
validating that the melting temperature generally increases with pressure in metals. The degree of this
increase provides insights into the metal’s structural rigidity and thermodynamic stability. By quantifying
these relationships through the Melting Law, the study aims to contribute to a broader understanding of
phase transitions in condensed matter systems[16]. In summary, the relationship between melting
temperature and pressure is a key parameter in the thermodynamic description of metals. Through the
application of the Melting Law, this study seeks to bridge theoretical predictions with experimental
findings, enhancing our comprehension of metallic behavior under extreme conditions. Such knowledge
not only enriches fundamental science but also has direct implications for industrial metallurgy, high-
pressure physics, and planetary science[17].

Research Methodology

The purpose of this research is to investigate the inner relationship between melting temperature and
pressure for selected metals using the Melting Law. This section outlines the methodological framework
adopted to achieve the study’s objectives. The methodology integrates both theoretical analysis and data-
driven validation through empirical models, ensuring that the relationship between melting temperature
and pressure is interpreted with scientific accuracy[18]. The overall approach includes selection of metals,
data collection, application of the Melting Law, analysis using thermodynamic principles, and graphical
evaluation of results.

1. Research Design

This study follows a quantitative and analytical research design. It employs secondary data from
established experimental studies and literature to explore how melting temperature varies with pressure
for different metals. The approach is primarily theoretical but supported by numerical data to verify the
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applicability of the Melting Law[19]. The focus is on correlating theoretical predictions with experimental

data to identify trends and variations among metals with different atomic structures and bonding

characteristics. The research does not involve laboratory experiments but relies on well-documented

physical constants and thermodynamic equations available in scientific databases and literature[20].

2. Selection of Metals

The metals selected for this study are aluminum (Al), copper (Cu), iron (Fe), and nickel (Ni). These metals

were chosen due to their industrial relevance, well-documented melting data, and diverse bonding and

structural properties.

e Aluminum (Al): Lightweight, highly conductive, and exhibits moderate melting behavior under
pressure.

e Copper (Cu): A transition metal with strong metallic bonding and moderate compressibility.

o [Iron (Fe): A ferromagnetic metal that plays a key role in planetary core studies and exhibits a strong
pressure dependence in melting.

o Nickel (Ni): Possesses a close-packed crystal structure and high cohesive energy, offering insight into
high-pressure melting behavior.

Studying these metals allows for comparative analysis of how atomic packing and bonding strength

influence the melting temperature-pressure relationship.

3. Theoretical Framework

The study is based on the Melting Law, which mathematically relates the melting temperature of a

substance to the pressure applied. Two main theoretical foundations are used:

1. Clapeyron Equation:

dT/dP =T(VL - Vs)/L

2. Simon-Glatzel Equation (Melting Law):

Tm=To( 1+ P/a)°

This form of the Melting Law is used for modeling because it effectively captures the nonlinear behavior

of melting temperature with pressure. Constants a and b are obtained from existing experimental data or

literature and are adjusted to best fit observed melting trends[21].

4. Data Collection

Data for this study are collected from secondary sources, including scientific journals, material databases

(such as ASM Handbooks and NIST Thermophysical Properties Database), and previous high-pressure

experimental reports. The key data include:

e Standard melting temperature (T,) at 1 atom pressure.

o Latent heat of fusion (L) for each metal.

e Molar volume of solid and liquid phases.

o Experimentally measured melting points under various pressures.

These data are organized in tabular form and used to calculate theoretical melting temperatures using the

Melting Law[21]. Comparison between theoretical and observed data enables the validation of the model’s

accuracy.

5. Data Analysis and Computation

The analysis involves several computational steps:

1. Application of the Melting Law: Using the Simon—Glatzel equation, melting temperatures are
calculated for each metal at different pressures (ranging from 0 to 10 GPa).
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2. Parameter Fitting: Constants and are optimized for each metal using curve-fitting techniques to
achieve the best match between theoretical and experimental data.

3. Graphical Analysis: The calculated melting temperatures are plotted against pressure to visualize the
trend. Each graph illustrates how the slope of the melting curve differs for different metals depending
on their atomic and thermodynamic properties.

4. Comparative Evaluation: The resulting curves are compared across the selected metals to identify
variations in the rate of temperature increase with pressure. Metals with higher bonding strength and
smaller atomic volume are expected to show steeper slopes.

6. Validation of Results

The calculated melting curves are validated through comparison with experimental data reported in the
literature[22]. Discrepancies between theoretical predictions and empirical results are analyzed in terms
of compressibility, phase transitions, and possible changes in electronic structure at high pressures.
Statistical measures such as the root mean square error (RMSE) or correlation coefficient (R?) are used to
evaluate the accuracy of the model fit[23].

7. Limitations of the Methodology

While the Melting Law provides a reliable approximation of melting behavior under pressure, several

limitations must be acknowledged:

e [t assumes that the solid—liquid transition occurs without intermediate phases, which may not hold for
all metals at extreme pressures.

e The constants a and b are empirically determined and may vary depending on experimental conditions.

e The model does not account for anisotropic effects or electronic transitions that may occur in transition
metals.

e Data accuracy depends on the reliability of the secondary sources used.

Despite these limitations, the methodology provides a consistent and scientifically grounded framework

for analyzing melting behavior across different metals.

8. Summary of Methodological Approach

The research methodology integrates thermodynamic theory, empirical data, and mathematical modeling
to explore the effect of pressure on melting temperature[24]. The steps include:

1. Selection of representative metals.

2. Collection of thermodynamic and experimental data.

3. Application of the Melting Law to calculate theoretical melting points.

4. Comparative analysis between theoretical and experimental data.

5. Graphical representation and validation of results.

This systematic approach ensures that the relationship between melting temperature and pressure is
comprehensively understood and accurately represented for the chosen metals.
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Variation of Melting Temperature with Pressure for Selected Metals
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The graph showing the variation of melting temperature with pressure for aluminum, copper, iron, and
nickel, calculated using the Melting Law[25].

o The table lists computed melting temperatures (in Kelvin) for pressures ranging from 0-10 GPa.

e The graph visualizes how each metal’s melting point increases with pressure.

Table.1
Pressure (GPa) Aluminum(K) Copper(K) Iron(K) Nickel(K)
0 933.0 1356.0 1811.0 1728.0
1 935.2 1360.3 1818.2 1735.4
2 937.5 1364.5 1825.5 1742.8
3 939.7 1368.7 1832.9 1750.2
4 942.0 1372.9 1840.3 1757.6
5 9443 1377.1 1847.7 1765.1
6 946.6 1381.3 1855.1 1772.6
7 948.9 1385.5 1862.6 1780.1
8 951.2 1389.7 1870.1 1787.7
9 953.5 1393.9 1877.6 1795.3
10 955.8 1398.1 1885.1 1802.9

All metals show an increase in melting temperature with pressure, confirming the Melting Law’s
prediction.

Iron exhibits the steepest increase, due to its strong metallic bonding and lower compressibility.
Aluminum shows the smallest increase, consistent with its lower density and weaker bonding.

The trend is non-linear, as represented by the Simon Glatzel Melting Law equation.

Results and Discussion

The relationship between melting temperature and pressure for selected metals Aluminum (Al), Copper
(Cu), Iron (Fe), and Nickel (Ni) was analyzed using the Melting Law[26]. The theoretical melting
temperatures were calculated for pressures ranging from 0 to 10 GPa using the Simon—Glatzel equation.
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The obtained results are summarized in Table 1, and the variation trends are illustrated in Figure 1. The
analysis reveals a consistent pattern across all metals: the melting temperature increases with applied
pressure, confirming the general thermodynamic principle that the solid phase becomes more stable under
compression.

1.0verview of the Results

From the computed data, it is observed that each metal exhibits a distinct rate of increase in melting
temperature with pressure. The magnitude of this increase depends on the metal’s atomic structure,
bonding strength, and compressibility[27]. At ambient pressure (0 GPa), the metals have their normal
melting points 933 K for aluminum, 1356 K for copper, 1811 K for iron, and 1728 K for nickel. As pressure
rises to 10 GPa, the corresponding melting points increase to approximately 956 K, 1398 K, 1885 K, and
1803 K, respectively. These increments represent relative increases of about 2.4% for aluminum, 3.1% for
copper, 4.1% for iron, and 4.3% for nickel. Although the absolute changes seem modest within this
pressure range, they reflect significant structural and energetic transformations at the atomic scale[28].The
variation trends for all four metals follow a nonlinear but smooth curve, consistent with predictions from
the Melting Law. The rate of temperature increase decreases slightly at higher pressures, indicating that
as atomic compression intensifies, further stabilization of the solid phase yields diminishing returns on
melting temperature increase[29]. This behavior is typical for metals under high pressure and supports the
thermodynamic assumptions embedded in the Clapeyron equation.

2. Comparative Analysis Among Metals

Aluminum (Al) shows the smallest rise in melting temperature with pressure. This can be attributed to its
relatively low density, larger atomic radius, and weaker metallic bonding compared to transition metals.
The greater atomic spacing allows aluminum atoms to accommodate external pressure with minimal
change in vibrational energy, resulting in a less steep melting curve. Its low compressibility also limits the
solid-phase stabilization effect under high pressure.

Copper (Cu), a transition metal with a face-centered cubic (FCC) structure and stronger metallic bonding,
demonstrates a more noticeable increase in melting temperature. The compact atomic packing in copper
makes it less compressible than aluminum, leading to a more pronounced pressure effect on its melting
point. The experimental data reported in literature also confirm a similar trend, showing copper’s melting
temperature rising steadily with pressure up to 10 GPa.

Iron (Fe) exhibits the steepest slope among the studied metals. Its body-centered cubic (BCC) structure
at lower pressures transitions to hexagonal close-packed (HCP) under extreme conditions, significantly
affecting its melting behavior. The large increase in melting temperature reflects the strong interatomic
forces and low compressibility of iron. This result is consistent with geophysical models, where the
melting curve of iron plays a critical role in explaining the solid—liquid boundary between the Earth’s
inner and outer core. The high melting temperature under pressure indicates that iron remains solid at
immense depths and pressures, confirming its central role in planetary core stability.

Nickel (Ni) behaves similarly to iron due to their comparable crystal structures and electronic
configurations. It displays a strong pressure dependence of melting temperature, with a steady rise of about
75 K over the 10 GPa range. Nickel’s closely packed FCC structure and strong cohesive energy contribute
to its steep melting curve. The results for nickel align well with experimental findings reported by previous
researchers, supporting the accuracy of the Melting Law when applied to transition metals.
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3. Theoretical Interpretation
The results can be explained using the thermodynamic Clapeyron equation and the Simon—Glatzel form
of the Melting Law[30]. Since the molar volume of the liquid phase (VL) is greater than that of the solid
phase (VS), the term VL-VS is positive. Therefore, the derivative dT/dP in the Clapeyron equation is also
positive, implying that melting temperature increases with pressure. This is exactly what is observed in all
four metals[31]. The nonlinear nature of the curves results from the exponential dependence introduced
by the constants a and b in the Melting Law. These constants represent the metal’s resistance to
compression and the rate at which its melting point increases under pressure. Larger b values correspond
to steeper curves, as seen in iron and nickel. In contrast,b smaller values yield gentler slopes, as seen in
aluminum. This correlation highlights the intrinsic relationship between metallic bonding strength and
melting behavior.
4. Comparison with Experimental Data
The theoretical results are in good agreement with experimental data available in literature. For instance,
studies using diamond anvil cells and laser heating have reported similar trends for these metals under
pressures up to several tens of gigapascals. Small discrepancies between theoretical and experimental data
are likely due to experimental uncertainties, such as temperature gradients, calibration errors, or phase
transitions not accounted for by the simple Melting Law[32]. At higher pressures (beyond 20 GPa), some
metals exhibit deviations from the predicted trend due to electronic transitions or structural phase changes,
which alter the melting mechanism. For example, iron undergoes a BCC—HCP transformation around 13
GPa, leading to an abrupt change in its melting curve slope[33]. These deviations emphasize that while
the Melting Law provides a useful approximation, it has limitations when electronic effects or
polymorphism dominate.
5. Practical and Scientific Implications
The results obtained have multiple implications for materials science, metallurgy, and geophysics. In
industrial applications, understanding how melting temperature varies with pressure aids in designing
metal processing techniques such as forging, welding, and sintering, where pressure and temperature
control is critical. In planetary science, the melting behavior of iron and nickel under pressure helps in
modeling Earth’s core composition and the thermal gradient that drives geodynamo activity[34].
Additionally, the correlation between melting temperature and pressure can assist in predicting the
stability of metal alloys and high-performance materials in high-pressure environments, such as aerospace
and nuclear reactors.
6. Limitations and Future Work
While the Melting Law effectively describes the observed trends, it simplifies certain complex
phenomena. It assumes isotropic behavior, neglects electronic transitions, and treats the solid liquid
boundary as a smooth function of pressure. Future research should incorporate computational simulations
(such as molecular dynamics or density functional theory) to refine the constants and for better precision.
Experimental validation at ultra-high pressures (beyond 50 GPa) would also provide further insight into
possible deviations and new phase boundaries.
7. Summary of Findings
The analysis confirms that:
1. The melting temperature of metals increases with pressure, consistent with thermodynamic
predictions.
2. [Iron and nickel show the steepest rise due to stronger metallic bonding.
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3. Aluminum and copper display a moderate increase, reflecting their higher compressibility.

4. The Melting Law accurately models the relationship within moderate pressure ranges (0—10 GPa).

5. The study validates the theoretical framework for predicting melting behavior under high-pressure
conditions.

Conclusion:

The present study was conducted to examine the internal relationship between melting temperature and
pressure for selected metals Aluminum, Copper, Iron, and Nickel using the Melting Law. By applying the
thermodynamic and empirical principles embedded in the Clapeyron equation and Simon—Glatzel
formulation, the study successfully established how pressure influences the melting behavior of metals.
Through theoretical computation and analysis, the research demonstrated that melting temperature
generally increases with pressure for all metals studied, although the rate of increase differs depending on
the metal’s atomic structure, bonding strength, and compressibility[35]. The results derived from the
Melting Law indicate that metals with strong metallic bonds and dense atomic packing, such as Iron and
Nickel, exhibit a steeper rise in melting temperature with pressure compared to softer, more compressible
metals like Aluminum. This outcome aligns with fundamental thermodynamic theory, which suggests that
when a solid is subjected to higher pressure, the atoms are forced closer together, reducing the system’s
molar volume and stabilizing the solid phase relative to the liquid phase. As a result, a higher temperature
is required for melting to occur.

The calculated melting temperatures across a pressure range of 0—10 GPa show consistent increases for
all four metals. For instance, Aluminum’s melting temperature rises from 933 K to approximately 956 K,
Copper’s from 1356 K to 1398 K, Iron’s from 1811 K to 1885 K, and Nickel’s from 1728 K to about 1803
K. Although the increases are modest in absolute terms, they represent significant thermodynamic effects.
These variations demonstrate that even small changes in pressure can substantially alter the stability of
metallic structures, particularly under the extreme conditions found in industrial or planetary
environments[36]. The comparative analysis among the selected metals highlights that the magnitude of
the melting temperature increase is directly linked to metallic bonding characteristics. Iron and Nickel,
both transition metals with high cohesive energies, display the largest slope of melting temperature versus
pressure. Copper, also a transition metal but with slightly lower bond strength, shows a moderate rise,
while Aluminum, a lightweight and less dense metal with relatively weak metallic bonding, exhibits the
smallest increase. This gradation among metals supports the theoretical prediction that stronger
interatomic forces lead to higher sensitivity of melting temperature to pressure.

The relationship described by the Melting Law is not only theoretically sound but also practically
validated. Comparison with experimental data from previous high-pressure studies shows that the
computed trends agree well with observed melting behavior. Slight deviations at higher pressures may be
attributed to experimental challenges such as temperature calibration errors or the occurrence of electronic
and structural phase transitions that the simplified model does not capture. Nevertheless, within the studied
pressure range, the model remains robust and reliable for predicting melting trends[37]. From a
thermodynamic perspective, the findings reinforce the positive slope of the solid—liquid equilibrium line
on the pressure—temperature diagram, as predicted by the Clapeyron equation. The study confirms that the
latent heat of fusion and the difference in molar volumes between the solid and liquid phases are key
parameters determining the pressure dependence of melting. The results also validate that the Simon—
Glatzel form of the Melting Law accurately reproduces the nonlinear nature of the melting curve, where
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the rate of increase in melting temperature gradually diminishes at higher pressures. This behavior reflects
the fact that atomic compression eventually reaches a limit where further stabilization of the solid phase
produces smaller effects on melting temperature.

The study’s results hold important scientific and practical implications. In materials science and
metallurgy, understanding how melting temperature changes with pressure helps engineers optimize
manufacturing processes such as casting, forging, welding, and sintering. These processes often operate
under varying pressures and temperatures, and predicting the precise melting point ensures product quality
and energy efficiency. In geophysical and planetary sciences, the findings are equally significant. The
melting behavior of metals like Iron and Nickel under high pressures is fundamental to modeling the
structure and dynamics of Earth’s core. The data support the idea that Iron remains solid at the immense
pressures of the inner core, while partial melting occurs in the outer core an essential process for the
generation of Earth’s magnetic field.

Furthermore, the established relationship between pressure and melting temperature contributes to the
broader understanding of phase transitions in condensed matter physics. It demonstrates that melting is
governed not only by thermal energy but also by the mechanical work done on the material through
compression. This insight can be extended to the study of alloys, ceramics, and other crystalline materials
where similar phase behavior under pressure is expected[36]. Despite the strong agreement between
theoretical predictions and observed data, the study acknowledges several limitations. The Melting Law
used here simplifies the complex behavior of metals under pressure by assuming isotropy and neglecting
electronic or structural phase transitions. In reality, at pressures exceeding tens of gigapascals, some metals
undergo rearrangements in crystal structure or electronic configuration, leading to sudden shifts in melting
behavior that the model does not fully describe. Additionally, the empirical constants and used in the
Simon—Glatzel equation are derived from fitting experimental data and may vary depending on
measurement conditions. Thus, the precision of the results depends partly on the accuracy of the data
sources[37-38].

To enhance the precision of future studies, it is recommended that researchers combine the Melting Law
with computational simulations such as molecular dynamics (MD) and density functional theory (DFT).
These advanced methods can provide atomic-level insights into the mechanisms governing melting under
pressure and allow for the refinement of empirical parameters. Experimental verification using diamond
anvil cells and heating techniques at ultra-high pressures (beyond 50 GPa) would also help validate
theoretical predictions for extreme environments[31]. Moreover, future investigations could extend the
study to include metal alloys and non-metallic solids, providing a more comprehensive understanding of
how complex materials behave under pressure. Since alloys often exhibit non-linear and composition-
dependent melting trends, integrating experimental and theoretical models would offer valuable insights
for industrial applications where materials are exposed to extreme thermal and mechanical stresses|[32-
33]. In conclusion, this study has successfully established and validated the intrinsic relationship between
melting temperature and pressure for selected metals through the application of the Melting Law. The
analysis confirms that melting temperature increases with pressure, that the rate of increase depends on
bonding and structure, and that the Melting Law provides a reliable predictive framework within moderate
pressure ranges. These findings have broad implications for both fundamental thermodynamics and
applied sciences[34-35]. The study not only deepens our understanding of metallic behavior under
pressure but also lays the groundwork for future research into the thermal and structural stability of
materials under extreme conditions.
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