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Introduction

Additive manufacturing (AM) of advanced materials is revolutionizing product de-
velopment by enabling complex geometries and customized properties, marking a
significant paradigm shift in material processing and fabrication. This technology
allows for the creation of intricate designs and tailored material characteristics that
were previously unattainable with conventional manufacturing methods. The abil-
ity to precisely control material deposition layer by layer opens up new avenues for
innovation across various industries, from aerospace to biomedical applications.

The application of additive manufacturing in creating advanced ceramic compo-
nents is rapidly gaining momentum, with researchers exploring novel techniques to
enhance their properties and performance. Stereolithography (SLA) has emerged
as a promising method for processing high-performance ceramics, offering high
resolution and excellent mechanical properties. This advancement is crucial for
applications requiring precise ceramic parts with superior structural integrity.

The development of metal-matrix composites (MMCs) through additive manu-
facturing presents a compelling pathway toward achieving lightweight yet high-
strength materials. Selective laser melting (SLM) of MMCs, such as Al-SiC com-
posites, allows for the examination of microstructural evolution and mechanical
property enhancements. This technique is vital for producing components that de-
mand both reduced weight and superior mechanical performance.

Additive manufacturing of functional polymers with tailored properties is indispens-
able for the creation of advanced materials with specific functionalities. Fused de-
position modeling (FDM) is being utilized to print shape memory polymers (SMPs)
with enhanced recovery stress and shape-fixing capabilities. The ability to pre-
cisely control printing parameters allows for the unlocking of complex functionali-
ties within polymeric materials.

The fabrication of porous metallic structures with controlled architectures is a key
area of development in additive manufacturing, particularly for applications like
heat exchangers and biomedical implants. The 3D printing of functionally graded
titanium alloys using SLM enables the design and fabrication of lattice structures
with varying pore sizes and densities, paving the way for biomimetic and optimized
porous materials.

Advanced composites, especially carbon fiber reinforced polymers (CFRPs), are
increasingly being explored for additive manufacturing. Novel approaches and
specialized print heads are being developed to 3D print continuous fiber-reinforced
composites, aiming to achieve significantly improved mechanical performance
compared to traditional composite manufacturing methods.

The development of high-entropy alloys (HEAs) represents a new frontier in mate-

rials science, and their additive manufacturing is a growing area of interest. Selec-
tive laser melting is being investigated for its ability to produce HEAs with unique
microstructures and excellent mechanical properties, showcasing the potential for
AM in creating complex alloy systems.

Additive manufacturing offers unique capabilities for producing advanced func-
tional materials with tailored electronic properties, such as piezoelectric ceramics.
Techniques like robocasting are being employed to achieve complex geometries
and controlled porosity in PZT ceramics, addressing challenges in maintaining
piezoelectric performance during the printing and sintering processes.

The integration of additive manufacturing with nanomaterials is opening up excit-
ing possibilities for novel material properties and advanced functionalities. Various
AM techniques are being reviewed for their effectiveness in fabricating nanocom-
posites, focusing on challenges such as nanoparticle dispersion and interfacial
adhesion, to create materials with enhanced properties.

The advancement of additive manufacturing for refractory high-entropy alloys
(RHEAS) is critical for applications that involve extreme high-temperature envi-
ronments. Selective laser melting is being studied for its ability to produce dense
RHEA components with desirable microstructures and mechanical properties at
elevated temperatures, highlighting AM’s utility in demanding conditions.

Description

Additive manufacturing (AM) is revolutionizing product development through its
capacity to create complex geometries and customized properties in advanced ma-
terials. This technology facilitates the fabrication of high-performance ceramics,
polymers, and composites by enabling precise material processing, microstruc-
tural control, and property enhancement. Novel feedstock materials, optimized
printing strategies for improved mechanical integrity, and in-situ monitoring for de-
fect reduction are key areas of development, positioning AM for significant impact
in aerospace, biomedical, and energy sectors [1].

The application of additive manufacturing in creating advanced ceramic compo-
nents is experiencing significant growth. Stereolithography (SLA) is particularly
noteworthy for its ability to process high-performance ceramics, achieving high
resolution and excellent mechanical properties. Research in this area focuses on
the influence of binder chemistry and curing parameters on printability and final
part properties, demonstrating the fabrication of intricate ceramic structures with
superior density and strength compared to conventional methods [2].

Additive manufacturing offers a viable route to developing metal-matrix composites
(MMGs) with enhanced properties such as reduced weight and increased strength.
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Selective laser melting (SLM) of Al-SiC MMCs is being investigated to understand
the effects of processing parameters on microstructural evolution and mechanical
properties. The goal is to achieve homogeneous reinforcement distribution and
minimize detrimental interfacial reactions, leading to improved tensile strength and
wear resistance [3].

Functional polymers with tailored properties are crucial for advanced applications,
and additive manufacturing plays a key role in their development. Fused deposi-
tion modeling (FDM) is being used to print shape memory polymers (SMPs) with
enhanced recovery stress and shape-fixing capabilities. The systematic investiga-
tion of printing orientation and post-processing techniques allows for the precise
control of thermomechanical behavior, unlocking complex functionalities in poly-
meric materials [4].

The fabrication of porous metallic structures with controlled architectures is a sig-
nificant capability of additive manufacturing, with applications ranging from heat
exchangers to biomedical implants. The 3D printing of functionally graded titanium
alloys via SLM is being studied for the creation of lattice structures with varying
pore sizes and densities. This research demonstrates the potential for produc-
ing biomimetic structures with optimized mechanical properties and porosity for
specific applications [5].

Advanced composites, particularly carbon fiber reinforced polymers (CFRPs), are
increasingly being explored for additive manufacturing. Innovations in printing
technologies and processes are enabling the 3D printing of continuous fiber-
reinforced composites. These advancements aim to achieve significantly im-
proved mechanical performance compared to composites made with short fibers,
broadening the application scope of advanced composites [6].

The development of high-entropy alloys (HEAS) is a burgeoning field, and their ad-
ditive manufacturing is attracting considerable attention. Selective laser melting
(SLM) is being employed to investigate the microstructure and mechanical proper-
ties of various HEAs. Successful production of single-phase structures with excel-
lent tensile strength and ductility highlights the potential of AM for creating complex
HEA compositions [7].

Additive manufacturing provides unique capabilities for producing advanced func-
tional materials with specifically tailored electronic properties. The study of piezo-
electric ceramics, such as PZT, using techniques like robocasting focuses on
achieving complex geometries and controlled porosity. Strategies to overcome
challenges in maintaining piezoelectric performance during printing and sintering
are being developed, enabling the creation of custom piezoelectric devices [8].

The integration of additive manufacturing with nanomaterials is leading to novel
material properties and functionalities. Research into the fabrication of nanocom-
posites using various AM techniques addresses challenges such as uniform
nanoparticle dispersion and interfacial adhesion. AM offers the potential to create
customized nanocomposites with enhanced mechanical, electrical, and thermal
properties for a wide array of applications [9].

Additive manufacturing of refractory high-entropy alloys (RHEASs) is crucial for en-
abling high-temperature applications. Selective laser melting of MoNbTaW RHEAs
is being studied to understand process-structure-property relationships. The ability
of SLM to produce dense RHEA components with excellent properties at elevated
temperatures underscores the utility of AM for extreme environment applications
[10].

Conclusion

Additive manufacturing (AM) is revolutionizing material fabrication by enabling
complex geometries and customized properties across various advanced materi-
als. Key developments include novel techniques for processing high-performance
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ceramics using stereolithography, and the creation of lightweight, high-strength
metal-matrix composites through selective laser melting. AM is also being uti-
lized to produce functional polymers with tailored thermomechanical behaviors
and porous metallic structures for specific applications. Furthermore, advance-
ments in printing continuous fiber-reinforced composites and high-entropy alloys
are expanding the material capabilities of AM. The integration of nanomaterials
and the development of AM processes for refractory alloys are also significant ar-
eas of progress, paving the way for innovative applications in demanding sectors
like aerospace, biomedical, and energy.
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