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Abstract: In recent years, significant advancements have been made in the development of novel 
materials for aeronautic applications. This effort aims to reduce costs by extending the operational life 
of structural and engine components, improving fuel economy, load capacity, and flight range. This 
paper investigates metallic materials such as aluminum alloys, titanium alloys, magnesium alloys, 
steels, nickel superalloys, and metal matrix composites (MMCs), providing an overview of recent 
advancements and highlighting current challenges and future perspectives in aeronautic metals. 
Several crucial factors are considered when selecting materials for aviation applications. These 
materials must withstand various environmental conditions, including humidity and temperature, as 
well as mechanical stresses such as tension, compression, bending, cyclic loads, creep, and torsion. The 
selection process is complicated by the wide range of available materials and the numerous variables 
involved, with cost being a critical factor in making an informed decision. In aviation, the most 
significant material characteristics are strength combined with lightness and stability in the operating 
environment. Trial and error can be costly in this context, necessitating well-planned design and 
engineering to ensure resistance to aerodynamic forces during flight. This approach has drawn the 
interest of aircraft designers since the inception of the Boeing 747, which utilized 1.3% composite 
materials. Modern aircraft, such as the Airbus A380 and Boeing 787, now incorporate 25% and 50% 
composite structures, respectively. Research has increasingly focused on enhancing the efficiency of 
structural engineering and material development through the use of sandwich structures. These 
structures are valued for their excellent stiffness-to-weight ratios and impact energy absorption 
properties. A typical sandwich structure consists of two thin, rigid face layers bonded to a core material. 
While various core materials like balsa and foam have been used in aviation, the honeycomb structure 
is the most prevalent. Honeycomb core configurations, including hexagon, reinforced hexagon, 
rectangle, flex-core, and square cell, primarily serve to support normal loads in the longitudinal 
direction and shear loads along the transverse axis. 

Key Words: aeronautics materials, composite structures, metal matrix composites (MMCs), structural 
engineering, honeycomb core 
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1. INTRODUCTION 
The industrial aeronautic sector faces intense competition, driving the need for aircraft with 
lower operating costs and enhanced performance. Key priorities include extending service life, 
improving fuel efficiency, increasing payload capacity, and extending flight range. One crucial 
factor in meeting these objectives is the development of new or enhanced materials, with a 
primary focus on reducing weight and extending the service life of aircraft components and 
structures. Additionally, advanced materials must also demonstrate improved fatigue and wear 
characteristics, enhanced damage tolerance, and superior corrosion resistance to further reduce 
weight. In the last decade, significant research has focused on materials for aeronautic 
applications, resulting in the development of optimized structural and engine metal alloys. The 
choice of materials for aeronautic components depends on specific factors such as stress 
conditions, geometric limits, environment, production, and maintenance requirements. 

This work provides an overview of the current state and future prospects of aeronautic 
structural and engine materials. Structural materials in aeronautics must support the static 
weight of the aircraft and additional loads from various operational conditions, requiring low 
densities for weight reduction and specific mechanical properties. 

Additionally, these materials must exhibit damage tolerance to withstand extreme 
temperature, humidity, and ultraviolet radiation conditions [4]. 

 
Figure 1. The transport aircraft and its main structural sections 

2. ALUMINUM ALLOYS 
Despite the increasing use of composites, aluminum alloys continue to be crucial for structural 
applications due to their lightweight, workability, and cost-effectiveness. Significant 
advancements have been made, particularly for the 2XXX, 7XXX, and Al-Li alloys. The 
2XXX series alloys are commonly utilized for applications requiring high resistance to fatigue 
damage. On the other hand, the 7000 series alloys are preferred for their strength, and Al-Li 
alloys are selected for components needing both high stiffness and low density. 
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2.1 2XXX Series—(Al-Cu) 

Al-Cu alloys in the 2XXX series are commonly used in structural applications where damage 
tolerance is crucial. These alloys, which contain Mg, offer higher strength due to the 
precipitation of the Al2Cu and Al2CuMg phases, along with improved resistance to damage 
and fatigue crack growth compared to other series of Al alloys. As a result, 2024-T3 remains 
widely utilized in fuselage construction. However, it's important to note that the 2XXX series 
alloys do have some drawbacks, including their relatively low yield strength, limiting their use 
in components subjected to very high stresses, and the potential for the Al2CuMg phase to 
reduce corrosion resistance significantly. To address these issues, improvements can be made 
through carefully adjusting the composition and controlling impurities. For example, the 
addition of alloying elements such as Sn, In, Cd, and Ag can refine the microstructure, leading 
to enhancements in mechanical properties such as increased hardness, yield strength, and 
ultimate tensile strength, as demonstrated by the positive impact of increasing Sn content up 
to 0.06 wt% [1]. 

2.2 7XXX Series—(Al-Zn) 
The 7XXX series alloys have drawbacks such as low fracture toughness, damage tolerance, 
and corrosion resistance, which limit their use in the aeronautic industry. However, the 
composition of these alloys can be adjusted to enhance their properties. Another important 
concern regarding the 7XXX series alloys is their fatigue behavior, and extensive research has 
been conducted to understand this behavior, considering various parameters [2]. A significant 
concern regarding 7XXX series alloys is their fatigue behavior, and extensive research has 
been conducted to address this issue, considering various parameters [3-5]. 

2.3 Al-Li Alloys 
The density of lithium is low at 0.54 g/cm3, leading to a reduction in the density of aluminum 
alloys by approximately 3% for every 1% of lithium added. Lithium is the unique alloying 
element responsible for a significant increase in the elastic modulus, with a rise of around 6% 
for every 1% of lithium added. Aluminum alloys containing lithium can be hardened through 
aging, and copper is commonly used in combination with lithium to create Al2CuLi, 
enhancing the mechanical properties [6]. In ternary Al-Cu-Li alloys, six ternary compounds 
have been identified, with T1 (Al2CuLi), T2 (Al6CuLi3), and TB (Al15Cu8Li3) being the most 
significant among them. The precipitation of phases from the supersaturated solid solution 
depends on the Cu/Li ratio, and the sequence of precipitation has been described in reference 
[7]. Al-Li alloys demonstrate lower density and superior specific mechanical properties 
compared to the 2XXX and 7XXX series, making them excellent materials for aeronautical 
applications [8, 9]. 

2.4 Aluminum Composites 

Metal matrix composites of light alloys like aluminum, titanium, and magnesium are 
commonly strengthened with ceramics such as silicon carbide, alumina, titanium carbide, and 
boron carbide, in the form of long fibers, short fibers, whiskers, or particles. Typically, these 
composites use silicon carbide or alumina particles instead of fibers, with fibers reserved for 
specialized applications like certain parts of the Space Shuttle Orbiter. Aluminum matrix 
composites, reinforced with silicon carbide and alumina particles, demonstrate higher specific 
strength, modulus, fracture toughness, fatigue behavior, wear, and corrosion resistance than 
basic alloys. To enhance their mechanical properties further, alternative reinforcements such 
as carbon nanotubes (CNTs) and graphene nano-sheets have been under recent investigation. 
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In comparison to traditional reinforcements, CNTs and graphene offer superior strength, 
damping, and lower thermal expansion. An essential consideration is optimizing the 
reinforcement content, as the properties of aluminum matrix composites are strongly 
influenced by this factor. For instance, research by Liao et al. [10] revealed that the most 
favorable characteristics are achieved with 0.5 wt% of multi-walled nanotubes. 

2.5 Advanced Joining Techniques for Aluminum Alloys 
Innovative joining techniques play a crucial role in aeronautical applications of Al alloys, with 
Friction Stir Welding (FSW) and its variant, Friction Stir SpotWelding (FSSW), gaining 
significant attention in the aerospace industry [11-15]. FSSW offers an alternative to 
traditional methods like resistance welding, riveting, and adhesive bonding, providing cost-
effective and stronger joints for aircraft structures made of Al alloys. Key parameters for 
FSSW optimization include welding time, tool rotation speed, delve depth, plunge speed, and 
exit time [16-18]. A common issue with FSSW is the weakening of joint strength due to the 
resulting hole from the welding process, which is addressed by the Refill Friction Stir 
SpotWelding (RFSSW) [19, 20] technique. RFSSW, utilizing a pin and sleeve tool, effectively 
fills the hole to overcome the weakness, especially beneficial for alloys of 2XXX and 7XXX 
series with sensitive microstructures [21]. The advantages of spot welding over riveting and 
gluing Al alloys include not requiring drilling or rivets, achieving high corrosion resistance, 
enabling simple joint repairs, and maintaining a flush surface. 
Numerous authors have studied the optimization of RFSSW parameters to enhance the 
mechanical performance of joints [22, 23]. 

3. TITANIUM ALLOYS 
Titanium alloys are being used more frequently in the manufacturing of aircraft structural parts 
due to their exceptional specific strength and resistance to corrosion. They are also utilized in 
engine sections that operate at intermediate temperatures ranging from 500 to 600 degrees 
Celsius. 

3.1 α-Ti 
α-Ti alloys generally exhibit superior creep behavior and corrosion resistance compared to α-
Ti alloys [24]. As a result, alloys such as Ti-3Al-2.5V, Cp-Ti, Ti-5-2.5, Ti-8-1-1, Ti-6-2-4-2S, 
and IMI829 are commonly utilized in the production of compressor disks and blades for 
aeronautic engines. Efforts to enhance the microstructural stability of α-Ti alloys at elevated 
temperatures and thereby improve their mechanical properties have involved studying 
different compositions involving the addition of Al, Sn, Zr, and Si. For example, Jiang et al. 
[25] conducted a study where they modified the composition of a Ti-25Zr alloy by adding up 
to 15% Al, resulting in an increase in yield strength but a reduction in ductility. 

3.2 β-Ti 
β-Ti alloys are known for their superior strength and fatigue performance compared to α-Ti 
alloys. As a result, they are commonly used for high-stress aircraft components such as landing 
gear and springs. Examples of these alloys include Ti-15V-3Cr-3Al-3Sn and Ti-3Al-8V-6Cr-
4Mo-4Zr [26], as well as Ti-10V-2Fe-3Al, Ti-15Mo-2.7Nb-3Al-0.2Si, Ti-
5Al5V5Mo3Cr0.5Fe, and Ti-35V-35Cr for airframe parts [27]. One limitation of these 
materials is their relatively low ductility, which can be improved through customized 
composition adjustments, as seen with Ti-1300 [28], and appropriate heat treatments, such as 
with Ti–6Al–2Sn–2Zr–2Cr–2Mo–Si [29]. 
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3.3 α-β–Ti 
Ti-6Al-4V is the most commonly used titanium alloy due to its exceptional combination of 
mechanical properties, including strength, fracture toughness, ductility, and corrosion 
resistance [30]. The addition of Zirconium (Zr) further enhances its strength through the solid 
solution hardening mechanism; a study by Jing et al. [31] demonstrated an increase in hardness 
to 420 HV and yield strength (YS) to 1317 MPa when 20 wt % Zr is added, albeit at the 
expense of ductility (resulting in an elongation ratio drop to approximately 8%). Other α-β–Ti 
alloys like Ti-6Al-2Zr-2Sn-3Mo-1Cr-2Nb, Ti-6Al-2Sn-2Zr-2Cr-2Mo-Si, and ATI 425 are 
also widely utilized for manufacturing aircraft components such as fuselage, landing gear, and 
compressor disks. 

3.4 Ti Composites Reinforced with SiC Fibers 
Ti composites, particularly those reinforced with long ceramic fibers [32–37], are highly 
sought after for aeronautic applications. The Ti6Al4V-SiCf composite shows promise for use 
in turbine components and structural high-stressed parts in aeronautics. This composite is 
especially well-suited for mechanical components operating at medium temperatures, such as 
turbine blades and structural high-stressed parts of aeronautic engines. When the Ti6Al4V 
matrix comes into direct contact with SiC, it leads to the formation of brittle compounds like 
Ti5Si3, which can degrade the mechanical behavior of the composite [38, 39]. To mitigate this 
issue, the fibers are coated with a thin C layer, which serves to prevent chemical reactions, 
preserve fiber integrity, reduce interfacial debonding, and deflect the propagation of micro-
cracks along the fiber. However, prolonged operation of the composite at medium-high 
temperatures causes the diffusion of C into the matrix, leading to the formation of TiC. 

4. MAGNESIUM ALLOYS 
Magnesium (Mg) is the lightest metal used in structural applications and is known for its 
excellent castability [40], good fluidity, and lower susceptibility to hydrogen porosity 
compared to other cast metals like aluminum (Al) alloys [41]. While wrought Mg alloys have 
superior mechanical properties compared to casting alloys, they face challenges due to higher 
asymmetry in plastic deformation [42]. As a result, casting is the primary method for 
manufacturing Mg components, and various processes are currently employed for producing 
castings [43]. Additionally, magnesium offers advantages in abundance and recyclability. 
However, the poor mechanical properties and low corrosion resistance of Mg alloys limit their 
use in manufacturing aircraft parts, despite the common utilization of specific alloys like 
AZ91, ZE41, WE43A, and ZE41 for helicopter gear boxes. The tensile yield strength of 
commercial casting alloys ranges from 100 to 250 MPa, with limited ductility at room 
temperature (elongation ranging from 2 to 8%) [44, 45]. 

5. STEELS 
Ultra-High Strength Steels (UHSS) are commonly used in aircraft manufacturing for parts like 
landing gears, airframes, turbine components, fasteners, shafts, springs, bolts, propeller cones, 
and axles. Some UHSS, such as 300M (1689 MPa), AERMET100 (1700 MPa), and 4340 
(2020 MPa), have very high yield strength values, but there is a trend towards gradually 
replacing these materials with composites [46]. This shift is due to their low specific strength 
and susceptibility to corrosion, as well as their vulnerability to weakening by hydrogen atoms, 
which promote crack growth and micro-void formation leading to localized deformation and 



M. FLOREA, V.-S. CONSTANTIN, A.-C. BUCUR, R. FAUR, D. PREDU, A. CAZACU 62 
 

INCAS BULLETIN, Volume 16, Issue 4/ 2024 

failure [47, 48]. In the aerospace industry, Oxide Dispersion Strengthened (ODS) steels have 
garnered attention, particularly in scientific research focused on ODS ferritic steels, as they 
show promise for use in nuclear reactors. These steels are strengthened by a uniform dispersion 
of fine (1–50 nm) oxide particles, which impede dislocation motion and prevent 
recrystallization, while also enhancing high-temperature performance by refining the ferritic 
grain in conjunction with oxide dispersion strengthening [49, 50]. 

6. Ni-BASED SUPERALLOYS 
Ni-based superalloys with a biphasic structure (Υ+Υ‘) are commonly used in aeronautic 
engines for high-temperature applications (1100–1250°C). Novel techniques (e.g. see [51-53]) 
such as laser drilling and electrical discharge machining are utilized to create efficient cooling 
holes in turbine blades and nozzle guide vanes [54]. The growing interest in Additive 
Manufacturing (AM) for Ni-based high-temperature components is noteworthy, particularly 
selective laser melting (SLM) and selective electron beam melting (SEBM) technologies [55-
60]. Components produced through SLM exhibit excellent mechanical properties and strong 
anisotropy, influenced by directional heat flow during the process, resulting in columnar grain 
growth and crystalline texture that affect creep resistance and fatigue life [61-64]. Welding 
aims to preserve the original microstructure in the molten and heat-affected zones, minimizing 
residual stresses and chemical segregation [65]. The presence of low melting compounds in 
the welded area poses a risk of micro-cracks after post-welding heat treatments and may cause 
local residual stresses [66, 67]. 

7. RECENT DEVELOPMENTS IN SMART STRUCTURES WITH 
AERONAUTICAL APPLICATIONS 

7.1 Optimizing lifting surfaces 
7.1.1 Fixed wings 

The basic proof that aircraft designers want distinct airfoil shapes for various flight regimes is 
the presence of take-off and landing flaps. Large thickness, large leading-edge radius, and 
large camber - which flaps provide - are all favored for low-speed flying because they can 
produce high maximum lift coefficients, while their higher drag coefficients are either 
desirable or irrelevant at low speeds because they allow for relatively steep descents during 
landing maneuvers. However, low drag is crucial for high-speed flying, meaning that tiny 
thickness, short leading-edge radius, and low camber are preferred. It is obvious that methods 
of altering the shape of airfoils, especially when they can be achieved with low-maintenance, 
low-cost technologies, would be very advantageous. Almost all of the applications that have 
been suggested have complied with the limits that adaptive materials have so far been limited 
to combinations of tiny/ small deflections and strong/ high forces, or vice versa.  

 
Figure 2. The use of a magnetostrictive adaptive truss for a wing  

It was discovered that an airplane in the long-endurance domain might reduce its drag 
coefficient by 6% while still retaining effective cruise performance by changing the shape of 
its airfoil within the limits of currently available adaptive materials [68]. However, research 
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on lighter aircraft wings in the transonic regimes—where drag is much more sensitive to 
changes in airfoil shape, such as being on the transonic drag rise versus not—predicted that 
wing-drag reductions of up to 85% are feasible using Terfenol-based MS actuators [68]. 

7.1.2 Rotating wings 

Because they have multiple blades, rotor blades must all follow the same path as nearly as 
possible. This process is called "tracking," and even minute variations in production 
tolerances, operational modifications, or wear and tear can have a significant impact on the 
trajectories of individual blades, necessitating significant “down-time” maintenance in order 
to get them “in track”. Aerodynamically speaking, small trailing-edge tabs can be used to 
modify “track”, and intelligent materials may be able to do so continually during flight based 
on things like optical tip-position sensors. Since a high-frequency response is not required for 
this application, SMAs show potential even though they are just briefly discussed in this study. 
To enhance tracking, a grid of SMA wires that are progressively activated may be utilized to 
produce incremental changes in a tab. However, this would only be possible if the power 
required to maintain the activation temperatures in the face of convective cooling from/ in the 
air flow would not be substantial. But, while deciding which devices to add to the trailing edge, 
the need for aeroelastic stability for the forward centers of gravity (CGs) must be considered. 

7.2 Modifying structural dynamics and aeroelastic 

7.2.1 Structural dynamic drag reductio 

Some fluid dynamicists argue that because of the unexpected speed of some fish and aquatic 
mammals (like dolphins), the boundary layer of water flow that comes into contact with them 
stays laminar for the majority, if not all, of their body length because of the way their skins 
undulate. Researchers working in the field of micro-electromechanical systems (MEMS) are 
making progress in active flow control at boundary walls [69] by reducing turbulent shear 
stress and altering the separation region. One type of MEMS actuator is driven by tiny copper 
coils in silicon wafers. Additionally, it appears that surface-mounted adaptive materials might 
be used on a large scale to mimic the laminar flow control undulations of dolphins. 

7.2.2 Internal acoustics 
The passage of rotor/propeller tips near fuselage side walls and the transfer of gearbox 
vibrations through their mounting points are the two main causes of internal aircraft noise 
(cockpit/cabin). In a similar but more focused use, small near-resonant inertial masses could 
be driven near gearbox mounting points, for example, to cancel out the vibratory pressures 
caused by the gearbox's acoustic frequency vibrations. For instances of this type of use of 
acoustic amelioration, see [70, 71]. 

7.2.3 Panel flutter and tail buffeting 
There is a wealth of literature on panel flutter, an aeroelastic instability of aircraft skin panels 
that happens at supersonic speeds. The addition of damping, even in small amounts, can 
frequently postpone the onset of an instability with respect to an operational parameter, such 
as forward speed or air mass density, to a point beyond the aircraft's operational envelope. In 
order to reduce panel flutter, using active strain-actuating laminas to skin panels would appear 
promising, and it most likely is. As with any given case, the usage of smart materials in aircraft 
design will ultimately depend on the alternatives and their relative cost/benefit ratios when 
performance benefits and life-cycle expenses are taken into account. It would seem like a better 
design choice to add a skin stiffener or make the skin thicker rather than risk the more dubious 
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dependability, expense, and susceptibility of an active, smart-materials repair. Tail buffeting 
is caused by the unstable shedding of vortices or turbulence from wings, fuselage components, 
or their intersections that travel downstream and impinge on a portion of the tail. This causes 
an aerodynamically forced vibration of the vertical or horizontal tail surfaces. When the tail is 
in the aftermath of the problematic aerodynamics, such as at high angles of attack, roll, or yaw, 
it typically develops into a significant vibration or strength issue. Adding damping by active 
means can be a tempting option if a natural frequency of the tail assembly is near a major 
frequency component of the shed vorticity or turbulence. If not, one might estimate the 
effectiveness of alternative strategies by contrasting the load-carrying capacities of passive 
and active "fixes." This is by no means a full picture, but it is probably helpful to know that 
the maximum strains that structural materials can withstand are typically orders of magnitude 
larger than the maximum actively induced strains that smart materials can achieve, and that 
they also have significantly larger Young's modulus. 

7.3 Providing flight-path controls 
7.3.1 Fixed wings 

The challenges that traditional fixed-wing aircraft designers encountered don't seem to have 
spurred many significant advancements meant to displace the common usage of servo valve-
controlled hydraulic actuators. The majority of power control systems still rely on hydraulics 
to provide “muscle”, even though “fly-by-wire” or even “fly-by-optics” control systems are 
becoming more and more popular. However, electrooptic has only replaced mechanical 
systems in terms of command signal processing and communication. Although there has been 
a lot of interest in the “all-electric airplane” for a long time, significant advancements still 
seem to be years away. 

7.3.2 Rotating wings 
Pitch angles for lifting/propulsive rotor blades must be supplied by rotary-wing aircraft flight 
path controls for both the fastest rate of descent possible in helicopter flight, where the axial 
component of flow originates from the “bottom” side of the rotor, and flight regimes with high 
inflow velocities, which originate from the “top” side of the rotor in hover. It is evident that 
significant adjustments to pitch angles are necessary for flight path control and equilibrium, 
even in the absence of the "cyclic" changes that tilt the rotor for roll and pitch maneuvers in 
aircraft. It seems worthwhile to describe the following conclusions here even though many of 
them have been reached by other authors. The following is indicated by the outcomes of 
extensive and intensive work over nearly a decade to maximize the potential advantages of 
smart materials as actuators. 

(i) It is highly challenging to obtain combinations of force and deflection outputs from 
smart material actuators that are useful for aeronautical applications.  

(ii) With concentrated actuators of the PE stack, SMA, or MS types, obtaining meaningful 
deflections necessitates lever arrangements, which add to the complexity, and pivots, which 
are additional wear points. 

(iii) SMAs can withstand stresses and strains greater than those of PE or MS materials, 
but in an aerodynamically convective environment, heat losses must be replenished in order 
to maintain the actuation temperature, which can be somewhat energy-intensive. Taking into 
account heating and cooling time lags, frequency responses to SMA actuators might not be 
able to exceed roughly 5 Hz. 

(iv) Because they don't require high voltages, MS actuators may be safer than PE actuators 
in concentrated configurations when it comes to work output per unit mass and energy-



65 Materials and Structures Used in Aeronautics: Present and Future Perspectives 
 

INCAS BULLETIN, Volume 16, Issue 4/ 2024 

conversion efficiency. However, because of the configuration needed for coils to provide the 
magnetic field excitation, MS actuators are not as well suited for embedding. 

(v) PE materials lend themselves to a widespread embedding inside structural material, as 
do the electrodes required to create actuation strains. This permits actuator lengths to be as 
long as the structure they are acting upon in theory. 

(vi) As an integral element of a composite primary structure, embedded PE laminas could 
be helpful in lowering the impacts of tail buffeting and increasing critical torsional divergence, 
panel, and bending torsion flutter speeds.  

(vii) IBC continues to look potential for tilt-wing and helicopter rotors using elevons 
powered by concentrated MS or PE actuators. Pitch links, pitch arms, swashplates, and 
actuators with several moving surfaces, pivots, linkages, and related slip rings all contribute 
to the complexity 

(viii) The forms that ceramic PE fiber materials can take are very flexible thanks to recent 
breakthroughs in the field. These actuator coils of the materials appear to have significant 
geometric advantages over stack or bimorph beam actuators. In addition to appearing to have 
significantly better force-deflection output capabilities per unit mass, helical coil PE actuators 
would also appear to have significantly better power output capabilities if they could actually 
be constructed, poled, and exposed to suitable exciting voltage fields. 

(ix) Theory and basic experiments have demonstrated the viability of the idea that 
aerodynamic surfaces can be purposely rendered marginally stable in order to capture energy 
from the air stream and stabilized by the modest motion of active systems. The evolution of 
aircraft flight path control systems has been influenced by concerns regarding safety and 
reliability. As a result, several contemporary fighter aircraft are built to be unstable during 
specific flight regimes, wherein an automatic system failure would cause the aircraft to crash. 
It should be noted that if the torsional rigidity reductions indicated in (vii) above are 
implemented into smart structure designs, aeroelastic instabilities will need to be addressed. 
In any case, the most likely near-term application for smart structure stabilized moderately 
stable control surfaces may be missile-control systems. However, evidence of their efficacy at 
moderate to high angles of attack is still lacking. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3. Structural advancements 
 
 



M. FLOREA, V.-S. CONSTANTIN, A.-C. BUCUR, R. FAUR, D. PREDU, A. CAZACU 66 
 

INCAS BULLETIN, Volume 16, Issue 4/ 2024 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. Future airplane materials and design 

8. MATERIALS OF THE FUTURE 
8.1 Graphene 

The fundamental component of all graphic materials is graphene, a two-dimensional carbon 
molecule honeycomb structure. It can be enveloped in fullerenes, arranged into three-
dimensional graphite shafts, or rolled into single-dimensional nanotubes. A graphene is a 
single-atom-thick carbon crystal that is much stronger than steel, much lighter than aluminum, 
and much harder than diamond. For half a century, researchers have been studying graphene, 
also known as 2D graphite, both theoretically and practically. This material is frequently used 
to explain the characteristics of many materials based on carbon. After forty years, the best 
compact analog of 3D quantum electrodynamics was found to be graphene [72], which 
propelled graphene into widespread use as a theoretical toy model. A single atom makes up a 
2D crystal, yet a narrow film of a 3D molecule should be studied in hundred layers. It was 
found that when the number of concealed layers rises, the electrical structure rapidly changes 
and surpasses the ten-layer limit of graphite shafts in three dimensions. Moreover, the only 
semiconductors with basic electrical bands that have 0% overlap and a single type of electron 
and single hole are graphene and its monolayer, roughly speaking. As the number of layers 
rises, the spectra get more complicated. The appearance of many charge carriers causes the 
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valence and conduction bands to clearly overlap . Composite materials are probably where 
graphene will be most useful in the near future. In reality, it has been demonstrated that 
scalable synthesis of uncoagulated micron-size crystallite graphene powder is possible. 

Because of this and their low production costs, graphene-based composite materials can 
have less than 1% filling, which opens up a wide range of applications . Since its first isolation 
and identification in 2004 , graphene has been found to exist in a variety of forms that have 
been recognized in later years. "Scotch tape" was used to mechanically exfoliate the first 
attention's material. Graphene research on space is still in progress. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5. Graphene the Universal Material 

8.2 Aerogel 

Aerogel is a material consisting of three-dimensional open systems made up of polymer or 
rational nanoparticle particles . Owing to its recent development, the aerogel might be regarded 
as both a novel state of matter and a special functional material . Finally, the bulk properties 
of the aerogel are qualitatively distinct from those of other molecules and atoms. Similar to 
the solid state, aerogel has a predetermined volume and shape. In addition to its dual systemic 
microscopic nature (nanosized skull) and macroscopic characteristics, aerogel exhibits a 
variety of unique and versatile properties, including poor heat conductivity, super low 
modulus, very little acoustic velocity, very few optical properties, very low lattice permittivity, 
very low sonic speed, and large surface area through porous structure similar to other forms. 
Because aerogel is waterproof, there is a lot of potential to employ more of it in contemporary 
airplanes. Aerogel is an adsorbent substance that is also translucent. Oxide aerogels consist of 
silica and non-silica. Notable examples of organic aerogels are cellulose and resin. Carbon 
aerogel includes carbonized plastic, graphene, and carbon nanotubes. Mono-component 
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aerogels, such as carbide, single element, etc., include chalcogenide aerogel and certain other 
varieties. The two main types of aerogels used in modern airplanes are graphene and carbon 
nanotubes. A few other types of aerogels are composite materials made of aerogel, such as 
complicated, gradient, and micro aerogels. Aerogel is an extraordinary material with a low 
density. However, high loads have the ability to split its molecule into several pieces. Long 
polymer strands have been used by researchers to create “Air Voids”, which boost elasticity 
while maintaining all other characteristics. The world's finest thermal and acoustic insulator, 
Air Voids is also the lightest solid substance on the globe. Aerogel is mostly used in the 
aerospace industry due to its high cost compared to other materials. 

 
Figure 6. A conventional manufacturing for making an activated carbon RF aerogel, an activated carbonized RF 

aerogel and a diamond shaped aerogel 

8.3 Carbon nanotube aerogel (CNT) 

Scientists had previously studied carbon-based materials because they were fascinated by their 
physical properties, but in more recent times, the focus has shifted to their chemical properties. 
The chemical industry will thus find this special edition of Chemicals Research Accounts, 
which features papers from some of the best experts in the world on Carbon Nanotubes, to be 
both practical and beneficial. Nanomaterial walls and ends have been observed to exhibit 
functionalization. When chemically processed, the tops are rapidly lost due to their distinct 
curvatures and seem to be significantly more sensitive than the walls of the nanomaterials.  

Research on the chemical properties of carbon nanotubes has been conducted for around 
five years. Still, there has been a lot of progress as seen in the current issue of accounts. 
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Another fascinating type of carbon aerogel is carbon nanotube (CNT) aerogel. By dispersing 
carbon nanotubes into a fluid devoid of surfactants, gelling, and drying them, it was first 
created in 2007 . The aerogel may benefit even more from polyvinyl alcohol. According to a 
2009 study, straight side panels were created using CNT aerogel muscles made from multi-
walled carbon nanotube trees . Instead of using sol-gel, the catalyst-based method of chemical 
precipitation was used in the mass production of CNT forests, which is in stark contrast to 
almost all prior aerogels. Graphite nanomaterials are deposited on ZnO network substrates, 
ZnO is converted into solid Zn on a hydrogen environment, and Zn is sublimated at high 
temperatures in a second “dry-synthesis approach” for the synthesis of aerographite (Carbon-
Based Aerogel). 

 
Figure 7. Carbon-nanotube (CNT) 

9. CONCLUSIONS 
In order to prevent water from penetrating the wings and adding weight to the aircraft, aero-
graphene can be used in airplanes in a number of ways, one of which is to improve the plastic 
that holds the carbon fiber within the wings together. If any damage has occurred, we can also 
utilize it to evaluate the strain on the wings.  

Perhaps we could think of it as a de-icing system, using a lighter material instead of 
heating coils and copper wire to prevent ice forming on the wings. In conclusion, we hope to 
investigate the possibility of replacing the carbon fiber in the wings; nevertheless, this will be 
an extensive endeavor that will take at least two decades to complete.  

CNT is the ideal material to use for building a space elevator and aircraft. Stable carbon 
nanotube (CNT) aerogels have been made by way of a three-dimensional construction of 
aqueous CNTs combined with supercharged drying of carbon dioxide.  

Significant improvements in their mechanical and thermal qualities can be achieved 
through thermal regeneration. In the CNT aerogels, reopening previously closed micropores 
and a small number of mesoporous areas will also increase their surface area and porosity. In 
addition to having a broad specific surface area (590–680 m2/g) and exceptional power 
conductivity, thermally modified carbon nanotube aerogels are also exceptionally robust and 
porous, with a porosity of 1-2 S/cm. With these materials, we can quickly create a sturdy, 
lightweight, and modern aircraft. 

Efficient design and materials are essential to the future of the aeronautics industry: 
lightweight, fuel-efficient, inexpensive, and well-balanced aerodynamic aircraft. This 
productivity will be met by aero-graphene and CNT. 
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