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Abstract: Ti-Al based alloys, particularly TiAl and TisAl two-phase alloys, have garnered significant attention
as potential replacements for various high-temperature structural materials due to their exceptional properties,
including low density, oxidation resistance, and high strength at elevated temperatures. Despite these
advantages, experimental studies on the microstructure evolution of Ti-Al based alloys under complex
conditions remain challenging to observe and characterize. This review article examines the current research
on molecular dynamics (MD) simulations of Ti-Al based alloys, focusing on two-phase Ti-Al alloys, Ti-Al
amorphous alloys, Ti-Al composite materials, and the welding and multi-layer/film applications of Ti-Al alloys.
The review highlights the unique capabilities of MD simulations in predicting the behavior of Ti-Al based
alloys and addresses existing scientific challenges. Furthermore, the article discusses future research directions
and development prospects in this field.

Keywords: Ti-Al based alloys; structural materials; molecular dynamics; material data

1. Introduction

The rapid advancements in the aerospace and automotive industries have led to an increased
demand for metal structural materials, particularly those used in engines and thermal protection
systems [1-3]. Enhancing the operating temperature and reducing the weight of engine components
are two critical strategies for improving the performance of existing engines and developing new
engines with high thrust-to-weight ratios. Consequently, the search for new lightweight, high-
temperature structural materials to enhance efficiency and conserve energy has become a key
research focus. Numerous countries have shown significant interest in titanium and aluminum
compounds, conducting extensive and in-depth research. Especially the TizAl and TiAl-based
superalloys, achieving remarkable results [4-6].

Ti-Al based alloys have emerged as promising candidates to replace Ni-based high-temperature
alloys. This is primarily due to their low density, high strength retention at elevated temperatures,
excellent creep resistance, and high specific strength [7-9]. Within the Ti-Al binary system, three
intermetallic compounds—TisAl, TiAl, and TiAls—have garnered extensive research and attention.
Additionally, based on TisAl research, the Ti2AINb titanium alloy has been developed [10-13]. A
comparative performance analysis of Ti, TiAl, and TisAl based alloys is presented in Table 1.

© 2024 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202408.1390.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 August 2024 d0i:10.20944/preprints202408.1390.v1

Table 1. The performance comparison of Ti, TiAl, and TisAl based alloys.

Performance Ti-based alloys  TiAl-based alloys  TisAl-based alloys
Crystal structure hep/bec Llo D019
Density/g-cm™ 4.5 4.1-4.7 3.7~4.3
Elastic modulus/GPa 96-115 100~145 160~180
Yield strength/MPa 380-1150 700~990 400~800
Tensile strength/MPa 480~1200 800~1140 450~1000

TiAl is a typical berthollide compound with a broad compositional range, from 48% to 69.5%
aluminum (atomic fraction), and remains stable below its melting point of 1460 °C. TiAl exhibits an
L1o ordered superlattice structure, characterized by a square lattice with parameters a =0.398 nm, c=
0.404 nm, and a c/a ratio of 1.015. This c/a ratio varies from 1.01 to 1.03 as the aluminum content
increases. The TisAl intermetallic compound has a D019 structure, which is an ordered variant of the
a-Ti structure, also known as the a2 phase [14-16]. Studies on the resilience mechanism of TisAl have
revealed that increasing the Nb content (primarily Nb, with some Mo and V) leads to the formation
of a new phase, Ti2AINDb [17]. When the Nb content reaches 25 at%, a Ti2AINb combination is formed.
Face-centered cubic (FCC) TiAls-type alloys, with their low density and high melting points, show
significant promise as high-temperature resistant metal composites [18]. The lattice parameters for
the TiAls-D02 phase are reported as a =b = 0.3856 nm and ¢ = 0.8622 nm, giving a c/a ratio of 2.236
[19].

The properties of Ti-Al based alloys are influenced by factors such as alloying elements,
processing methods, and microstructure variations. However, experimental deformation tests are
often tedious, costly, and challenging to observe directly at the atomic scale. Advances in computer
technology have popularized molecular dynamics (MD) as an effective simulation method for
material calculations [20-22]. MD studies, conducted using the LAMMPS package, utilize atomic
interaction potentials to simulate material behavior. Among the various potentials available, such as
MEAM and EAM, the EAM potential is particularly effective for MD characterization. This is due to
its ability to accurately model interactions between similar and dissimilar atoms, facilitating the
examination of the effects of externally applied forces on all particles [23-25].

The MD simulation is a powerful method for uncovering the deformation mechanisms of metal
materials at the atomic scale [26-28]. It allows for the observation of dynamic evolution processes
under various loading conditions, such as the nucleation, propagation, and interaction of atomic
structures. Additionally, MD simulations provide valuable insights into the effects of microstructure
features and ambient temperature on mechanical properties and failure modes [29-31], making them
essential for understanding the plastic deformation mechanisms of metal materials [32-34]. For
instance, Medyanik et al. [35] demonstrated that the coherent interface in a Cu-Ni bilayered
composite acts as a strong barrier to dislocation propagation during nanoindentation, significantly
strengthening the composite. Similarly, Shimono et al. [36] conducted MD simulations to study the
recrystallization process of Ti-Al alloys in an amorphous state, revealing that the alloy's ability to
form an amorphous structure is influenced by its aluminum content.

Currently, MD simulations have been widely applied to the study of Ti-Al based alloys. For
instance, researchers have investigated the rapid cooling of TisAl to form amorphous materials,
determining the relationship between cooling rate and amorphous formation ability using the EAM
potential [36-38]. Studies have also explored the thermophysical properties of molten titanium
aluminum, including density and specific heat [39]. Subsequent research has expanded into areas
such as layered composites [40,41], welding [42,43], and the effects of additional alloying elements
on titanium-aluminum alloys [44—46].

In this study, we review the MD simulations related to different Ti-Al based alloys, aiming to
present recent research progress. Section 2 discusses the simulation methods employed for different
types of Ti-Al alloys and analyzes the resulting data. Finally, Section 3 addresses the development
trends, challenges, and future directions for applying MD simulations to Ti-Al based alloys.
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2. Prediction of Different Ti-Al Based Alloys

The thermophysical properties, particularly in the under-cooled regime, are crucial for
understanding and defining the thermodynamic state of Ti-Al based systems. Properties such as
specific heat and density of liquid alloys in this regime are of significant interest [39]. MD simulations
are highly effective in studying these properties, as well as the local structure and diffusion in liquid
TixAlix alloys, using the EAM potential and NPT ensemble [47]. Additionally, MD simulations have
been applied to investigate transitions from the {3 phase to the a phase, elastic constants, structural
and deformation behaviors, and the micro-mechanisms of cold deformation in Ti-Al alloys [48-50].

MD simulations are being increasingly used to exploring the dynamic properties of Ti-Al based
alloys, offering high efficiency in simulating atomic-level processes over extensive spatial and
temporal scales [51-54]. In-situ virtual experiments using MD simulations have facilitated the
examination of microscopic mechanisms that govern the mechanical properties of multi-component
alloys [55]. MD simulations can be used for calculations involving various ensembles such as NPT,
NVE, and NVT. This method, grounded in Newtonian determinism, provides higher accuracy and
effectiveness in macroscopic property calculations compared to Monte Carlo methods and is widely
applicable across fields like physics, chemistry, biology, materials science, medicine, etc [56]. In this
section, we briefly introduce the application of MD simulations in studying two-phase alloys,
amorphous alloys, composite materials, welding, and multi-layer/film in Ti-Al alloys, as illustrated
in Figure 1.

Different
property

Different

Figure 1. Application of molecular dynamics simulation on different types of Ti-Al based alloys.

2.1. Simulation of Two-Phase Ti-Al Alloys

Ti-Al alloys have been extensively studied to address challenges related to ductility and damage
tolerance. Research has focused on single-phase y-TiAl [57], TisAl alloys [58], polysynthetically
twinned crystals (PTC) [55], deformation twinning [59], and various compositions of Ti-Al alloys
[60,61]. Key areas of investigation include the effects of residual stress, deformation, and crystal
structure [48,62,63].

Hariprasath Ganesan [63] studied the high-temperature separation behavior of lamellar
interfaces in y-TiAl under tensile loading, with the main results shown in Figure 2. This study
employed two different atomistic interface models: a defect-free model (Type-1) and a model with
preexisting voids (Type-2), as illustrated in Figure 2(a). In Figure 2(b), the first row presents the
constructed atomistic models of the four interlamellar interfaces in TiAl after initial energy
minimization. The second row displays the centrosymmetry parameter (CSP) for each atom in this
initial configuration, which measures local lattice disorder caused by defects, surfaces, or interfaces.
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Figure 2(c) shows the global normal stress for Type-1 models of the four single interlamellar interfaces
within the simulation box. A consistent relationship between stress and strain is observed for all
temperatures, interfaces, and strain rates up to the yield stress, characterized by significant
dislocation nucleation. Figure 2(d) presents the global stress-strain curves for the Type-2 interface
models, which contain a preexisting void. The presence of the void-type defect reduces interface
strength due to high local stress concentrations around the void, leading to lower global loads for
interatomic bond breakage. Consequently, compared to the Type-1 models, the yield stress is reduced
for all interfaces, with the high-stress regions near the void becoming dominant dislocation sources
[63].

V/a, Interface v/ yer Interface v/ yug Interface v/ yrr Interface

(@)

Figure 2. Partial study on high-temperature separation behavior of layered interface under tensile
load of y- TiAl (a) The two types of single interface models used herein; (b) First row: simulation
system for the defect-free interfaces; second row: computed centrosymmetry parameter (CSP) to
categorize the bulk constituent phase and interface; (c) Stress-strain curves under normal loading for
Type-1 models interfaces, (c1) y/a2, (c2) y/YPT, (c3) v/YPB, and (c4) y/yYTT; (d) Stress-strain curves
under normal loading for Type-2 models (with preexisting void) interfaces, (d1) y/o, (d2) y/YPT, (d3)
Y/YPB, and (d4) v/yTT. Reprinted from Ref. [63].

Roman E. Voskoboinikov [64] utilized MD simulations to study the radiation damage in the D019
TisAl intermetallic compound. His findings revealed that TisAl exhibited excellent resistance to the
formation of primary radiation defects across the entire range of simulated temperatures and PKA
energies. The number of Frenkel pairs generated in collision cascades in TisAl is significantly lower
than in a-Zr under identical irradiation conditions, particularly at high PKA energies and
temperatures. This phenomenon suggests that TisAl-based intermetallic alloys could benefit from
enhanced oxidation and corrosion resistance through ion beam treatment followed by post-
irradiation annealing.

2.2. Simulation of Ti-Al Amorphous Alloys

The microstructure of Ti-Al alloys can be controlled through amorphous metastable states,
making it essential to understand the micro-mechanisms of amorphous phase formation and
crystallization. The excessive vibration observed in metallic glasses, known as boson peaks, is a
common characteristic of amorphous phases [65]. MD simulations have shown that these vibrational
modes are closely related to local atomic structures and coordinated nanoscale motions. Research in
this area includes the formation of amorphous TisAl through rapid cooling [38], the thermal


https://doi.org/10.20944/preprints202408.1390.v1

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 19 August 2024 d0i:10.20944/preprints202408.1390.v1

expansion and recrystallization of amorphous Al and Ti [66], the formation of amorphous structures
by encapsulating Ti and Al nanoparticles [67,68], and the local atomic structural order in TiAls
metallic glass [69].

Xie et al. [70] investigated the glass formation and icosahedral intermediate-range order in liquid
titanium aluminum alloys. The results indicate that the icosahedron is an appropriate structural unit
to describe the glass formation process of liquid and amorphous Ti-Al alloys. Additionally,
hexagonally connected icosahedral clusters, linked by volume sharing, exhibit good structural
stability and continuity, acting as tightly connected junctions. These clusters extend into nearby
regions, enhancing structural integrity. The rapid solidification process and the formation of
hexagonal structures effectively reflect the glass-forming ability of different Ti-Al alloy compositions.
Part of the research findings is illustrated in Figure 3. Figure 3(a) shows the evolution of the
simulation box with a structural type of TisAl alloy during rapid solidification. Figure 3(b) presents
sectional drawings of the center atoms of icosahedral clusters in TiAls and TiAl alloys during rapid
solidification. Figures 3(c) and 3(d) demonstrate that the fuller growth of IMRO structures in Ti-Al
alloys results in the formation of more hexagonally connected icosahedral clusters after rapid
quenching. The evolution of hexagonal structures in TiAls alloy indicates the excellent structural
stability and continuity of hexagonally connected icosahedral clusters during rapid solidification.

2.3. Simulation of Ti-Al Composite Material

Titanium aluminum composite panels hold significant applications in the aerospace industry.
Due to their lightweight and high-strength characteristics, these panels are ideal for manufacturing
structural components for aircraft, rockets, and other aerospace vehicles. They not only reduce the
weight of aircraft and improve fuel efficiency but also offer excellent corrosion resistance, ensuring
long-term durability in harsh environments. These benefits are similarly advantageous in the
automotive field. The layered ternary compound Ti2AIN plays a crucial role in reinforcing and
toughening TiAl matrix composites due to its unique combination of ceramic and metallic properties
[71,72]. Research has also explored the use of graphene as a reinforcing phase. The high defect density
in graphene nanosheets induces severe interfacial reactions, leading to the formation of numerous
recrystallized nuclei in the matrix, thereby increasing the isometric crystal content [41].

@ CN=0 @ CN=1 @ CN=2 @ CN=3 @ CN=4 @ CN=5
(a) (b) TiA
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Figure 3. Glass formation and icosahedral medium-range order in liquid Ti-Al alloys. (a) Evolution
of simulation box with structural type of TisAl alloy during the rapid solidification; (b) Sectional
drawings of center atoms of icosahedral clusters in TiAls and TiAl alloys during the rapid
solidifications; (c) Evolutions of center atoms of hexagonal connected icosahedral clusters in TiAls and
TiAl alloys during the rapid solidifications. The red and green balls represent center atoms of
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hexagonal connected icosahedral clusters in TiAls and TiAl alloys, respectively. The inset shows the
formation of hexagonal-connected icosahedral clusters. (For interpretation of the references to color
in this figure legend, the reader is referred to the web version of this article.) (d) Growth of center
atoms of the hexagonal-connected icosahedral clusters in TiAls alloy during the rapid solidification.
Reprinted from Ref. [70].

Han et al. [71,73] investigated the Ti2AIN/TiAl composite using MD simulations, with typical
results shown in Figure 4. Atomic models, top and side views of the Ti2AIN(0001)/TiAl(111) coherent

interface, and Ti2AIN(10 1 3)/TiAl(111) incoherent interface are displayed in Figure 4(a) and 4(b).
Figure 4(c) illustrates the interface under uniaxial loading for different strains. The results suggest
that micro-voids cannot rapidly propagate along the incoherent interface due to the dual factors of

dislocation nucleation and strong bonds. This behavior results in the Ti2AIN(10 1 3)/TiAl(111)
incoherent interface system exhibiting ductile fracture behavior.

2.4. Simulation of Ti-Al Alloy Welding

Advancements in lightweight technology have made the use of composite structures that
combine high-strength and lightweight materials a viable method for improving the thrust-to-weight
ratio of transportation equipment and reducing energy consumption. The Ti/Al composite structure
leverages the performance advantages of both titanium and aluminum alloys and holds promising
applications in the aerospace, shipbuilding, and automotive industries. Consequently, the welding
of Ti and Al has become a critical issue that needs to be addressed. Key research topics in this area
include mass transfer principles in laser manufacturing [43,74], the influence of temperature on
interfacial diffusion processes [75], and the analysis of welding melting behavior involving titanium
aluminum alloys and titanium aluminum nanoparticles [76-79].

A notable early study focused on linear friction welding between titanium and aluminum was
conducted by Song et al. [80]. This research used MD software to analyze temperature changes,
plastic deformation, and atomic diffusion behavior (Figure 5). Different colors in Figure 5(a) indicate
the thermostat layer and Newton layer, while Figure 5(b) shows temperature changes. Figures 5(c)
and 5(d) depict the simulation process and cross-section at different friction times, with the results
shown in Figure 5(e). The diffusion behavior of aluminum atoms in both directions was nearly
identical, whereas self-diffusion of Ti atoms occurred. The applied pressure in the X-direction
promoted diffusion. However, due to the influence of pressure, the diffusion of Al into the Ti-based
HCP structure was significantly more challenging, as it could not easily overcome the potential
barriers caused by atomic diffusion [80].
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Figure 4. The tensile responses and fracture mechanisms of Ti2AIN/TiAl composite by MD
simulations. (a) Atomic models for MD simulation. coherent interface of Ti2AIN(0001)/TiAl(111) (al)

and Ti2AIN(10 1 3)/TiAl(111) (a2)Atoms are color-coded according to their types (Ti in red, Al in pink,
and N in yellow); (b) Top view (upper portion) and side view (lower portion) of relaxed

Ti2AIN(0001)/TiAl(111) coherent interface (bl) and Ti2AIN(10 1 3)/TiAl(111) incoherent interface
atomic structure (b2); (c) Atomic snapshots under uniaxial loading with different strains.(c1) Initial
atomic configuration of incoherent interface; (c2) disordered atoms nucleate in the interface; (c3)
dislocation nucleates near micro-void. The atoms are color-coded according to their types (Ti in blue,
Alin green, and N in red). Reprinted from Ref. [71].
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Figure 5. The linear friction welding between dissimilar Ti-based alloys. (a) Molecular dynamic
simulation model of LFW; (b) Temperature profile on the interface of LFW joints; (c) Simulation of
the LFW process: t =0 ps (c1), t =5 ps (c2), t = 15 ps (c3), t =76 ps (c4); (d) Configurations of a cross-
section with different friction time: t = 200 ps (d1), t = 500 ps (d2), t = 800 ps (d3), t = 1200 ps (d4); (e)
MSD results of different atoms: (e1)Ti atoms and (e2) Al atoms. Reprinted from Ref. [80].

2.5. Simulation of Ti-Al Based Multi-Layer/Film

Researchers have proposed various mechanisms for strengthening and failure in metal multi-
layer composite materials [81]. The strength of these multi-layer/film also depends on the initial
dislocation density in the constituent layers [82]. For instance, Al-Ti multi-layer exhibit good thermal
stability and minimal mixing at layer thicknesses of 22 nm or more, even at temperatures up to 400°C
[83]. Additionally, annealing aluminum-titanium multi-layer/film significantly enhances their
hardness, with the hardening effect becoming more pronounced as the layer thickness decreases. Ti-
Al-N, used as a ceramic layer, can also resist cracking [84]. Beyond multi-layer materials, there is
research on Ti-Al based films, such as Ti-Al-N [85,86], as well as Ti-coated Al, or Al-coated Ti [67,68],
and the fabrication of Ti-Al modified layers to improve the wear resistance of aluminum-based alloys
[87].

Sumit Kumar Maurya et al. [88] conducted an atomic analysis of HCP-FCC conversion and
redirection in Al-Ti multi-layer using molecular dynamics software, as shown in Figure 6. The
representative volume element of the Al-Ti multi-layer system is depicted in Figure 6(a), while the
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interface characteristics and relative stresses in the Al-Ti multi-layer are shown in Figure 6(b). Figure
6(c) reveals the redirection mechanism of hexagonal close-packed Ti [88]. The results indicate that
this displacement mechanism involves the formation of an intermediate BCC phase, similar to the
one reported by Chen et al. [89].

(a) (b)

[Shockle:
partials

Figure 6. Atomistic analyses of HCP-FCC transformation and reorientation of Ti in Al-Ti multi-layers.
(a) Representative volume element (RVE) of the Al-Ti multi-layer system used in the present study.
The y-dimension of the RVE will change based on the layer thickness. FCC Al atoms are shown in
olive color, and HCP Ti atoms are in red; (b) Interface characteristics and relative stresses in Al-Ti
multi-layer with configuration A and viewed along the Z-direction; (c) Schematic of reorientation
mechanism in HCP Ti. (c1) shows the unit cell in parent HCP Ti and BCC Ti formed after the first
displacement, (c2) shows the second displacement and resultant unit cell in reoriented HCP Ti, (c3) is
the atomic arrangement of parent HCP Ti (red color) and BCC Ti (blue color). Reprinted from Ref.[88].

2.6. Others

In addition to using MD simulations for Ti-Al two-phase alloys, Ti-Al amorphous alloys, Ti-Al
composite materials, Ti-Al welding, and Ti-Al multi-layer/film, researchers have also investigated
the addition of Ti and Al as reinforcing phases in high entropy alloys (HEAs). HEAs are alloys formed
from five or more metals in equal or approximately equal amounts [90-92]. Due to their desirable
properties, HEAs are highly valued in materials science and engineering, characterized by high
entropy, lattice distortion, slow diffusion, and the "cocktail" effect [93-95]. MD simulations play a
crucial role in revealing and predicting the properties of HEAs at the atomic scale [96-98].

Sun et al. [99] studied CoCrFeNi (AlosTio2)x HEA with varying Ti and Al contents, exploring the
effects of content and temperature on mechanical properties. The main research findings are
presented in Figure 7. Figure 7(a) shows the models with different Ti and Al contents established
using MD software. The XRD patterns after rolling and the stress-strain tensile characteristics from
experiments and MD simulations are depicted in Figures 7(b) and 7(c). Figure 7(d) illustrates the
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dislocation distribution diagrams of the CoCrFeNi(AlosTio2)x HEA before fracturing. The analysis
indicates that increasing Ti and Al content significantly raises the dislocation density in HEAs,
leading to intensified dislocation intersections. This increases deformation resistance and makes
continuous plastic deformation difficult, ultimately enhancing the deformation resistance of the alloy.

A team led by Academician Chen Guang [100] from Nanjing University of Science and
Technology published a paper in The Innovation Materials, proposing and establishing a dual-phase
symbiotic nucleation model. Based on the classical nucleation theory equation, the anisotropy
parameter and shape factor of the lamellar interface were introduced to develop the lamellar
structure nucleation equation. They derived the critical lamellar nucleation radius, critical lamellar
nucleation thickness, and critical nucleation free energy. Theoretical calculations indicated that the
free energy barrier for nucleation of the layered structure during biphasic symbiosis was the smallest
and easiest to overcome. Thus, the layered structure nucleates in pairs, rather than the traditional
view that A-phase or B-phase nucleates first.

3. Challenges and Further Perspectives

This article summarizes and analyzes MD simulations of various Ti-Al based alloys, including
Ti-Al alloys, Ti-Al amorphous alloys, Ti-Al composite materials, Ti-Al welding, and Ti-Al multi-layer
materials. MD simulations offer valuable insights into the structure and properties of different
materials under various conditions. This review provides an overview of the application of MD
simulations in studying different Ti-Al alloys. To achieve the best results, it is crucial to fully consider
the characteristics of the target material and select an appropriate starting configuration. Additionally,
the size of the force field file and the system significantly impact the accuracy of the simulations. It is
also essential to consider system energy minimization and relaxation phenomena to obtain more
accurate data.

Figure 8 shows the overview of the research on Ti-Al based alloys. Figure 8a express a keyword
clustering view of published literature on Ti-Al from 2009 to present. It can be seen that, many
scholars have conducted generous and extensive research in these years. Figure 8b is the histograms
of publication numbers and citation frequency of relevant articles retrieved with the keywords"Ti-
Al" in the Web of Science database. The graph indicates that research in this area has grown rapidly
in recent years, with the citation frequency reached 12349 times in 2023. The introduction of MD
simulation methods has further utilized the development of research on Ti-Al, since it is a very
powerful tool. However, there is still considerable room for development:
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Figure 7. Molecular dynamics simulation of tensile mechanical properties of CoCrFeNiTiAl high
entropy alloy. (a) CoCrFeNi(AlosTio2)x HEA models with different Ti and Al contents; (b) XRD
patterns after rolling: (b1) experiment; and (b2) MD simulations; (c) Stress-strain tensile characteristics
(c1) experimental stress-strain curves at room temperature and (c2) MD simulated tensile stress-strain
curves; (d) Dislocation distribution diagrams before the fracture. Reprinted from Ref.[99].

1. Comprehensive database of Ti-Al alloys: Over the past few decades, extensive research on the
preparation processes and properties of Ti-Al alloys has generated a wealth of data. However, due
to compositional variations among different Ti-Al alloys and the lack of high-quality data, there is a
need for a comprehensive Ti-Al alloy database. This database should include detailed information
on alloy compositions, preparation methods, and performance characteristics. Such a resource would
significantly accelerate the research and development efforts aimed at optimizing the performance
of Ti-Al alloys.
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2. Cross-scale computational techniques for Ti-Al alloys: Integrating computational models with
experimental research can provide a detailed understanding of the microstructure evolution of Ti-Al
alloys and their impact on macroscopic properties. This method can tightly integrate MD simulation
with density functional theory and finite element analysis, and enhance the understanding of the
relationship between microstructure and the properties of Ti-Al alloys.

3. Development of improved potential energy functions: Creating potential energy functions
that more accurately describe atomic interactions while maintaining manageable computational
complexity will yield more realistic simulation results.

4. Advancements in computational power: Although improvements in computational power
have increased the modeling size and simulation time, there remains a significant gap between the
actual workpiece sizes and the duration required for experimental processes. Bridging this gap will
be essential for achieving more practical and applicable simulation results.
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Figure 8. An overview of the research on Ti-Al based alloys: (a) Keyword network visualization in Ti-
Al literature from the Web of Science database; (b) a histograms of the publication number and
citation frequency of relevant articles retrieved with the keywords “Ti-Al” in the Web of Science
database.
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