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Abstract: This review examines the mechanical performance of metal- and polymer-based com-
posites fabricated using additive manufacturing (AM) techniques. Composite materials have
significantly influenced various industries due to their exceptional reliability and effectiveness. As
technology advances, new types of composite reinforcements, such as novel chemical-based and
bio-based, and new fabrication techniques are utilized to develop high-performance composite
materials. AM, a widely popular concept poised to shape the development of Industry 4.0, is also
being utilized in the production of composite materials. Comparing AM-based manufacturing
processes to traditional methods reveals significant variations in the performance of the resulting
composites. The primary objective of this review is to offer a comprehensive understanding of
metal- and polymer-based composites and their applications in diverse fields. Further on this
review delves into the intricate details of metal- and polymer-based composites, shedding light
on their mechanical performance and exploring the various industries and sectors where they
find utility.

Keywords: 3D printing; additive manufacturing; fiber composites; polymer; metal; mechanical properties

1. Introduction

Additive manufacturing (AM) has emerged as an advanced and innovative technique
within the manufacturing industry. This technique, is also known as 3D printing, it has
proven to be highly effective in utilizing reinforcements such as fillers and fibers in the
fabrication of polymers and metals. By employing a layer-by-layer material deposition
approach, AM enables the creation of composites, while conventional methods relying
on subtractive manufacturing are used for comparable product development [1]. The
utilization of AM offers several significant advantages, including cost-effectiveness and the
ability to design and fabricate complex structures with precision and high quality. These
advantages have positioned AM as a preferred technique, particularly in the aerospace
and automotive sectors, where intricate and accurate products are in high demand. The
development of 3D-printed composites has witnessed substantial progress over the last
decade, and it is expected that these materials will play a pivotal role in revolutionizing
diverse industries in the future [2,3].

The utilization of AM technology is widespread in aerospace, electrical, and biomedi-
cal applications [4]. However, in areas such as architecture and the construction industry,
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its implementation is still limited [5,6]. One notable advantage of AM is its ability to
reduce material waste and lead times, offering a flexible manufacturing approach. In-
corporating waste or natural fibers as additives hold great promise for enhancing the
environmental impact of composite materials in these fields [7]. It is important to highlight
that manufacturing natural fiber-reinforced composites using the AM process presents
certain challenges. Factors such as fiber interactions, weight percentage, type, orienta-
tion, and length need to be carefully considered during composite material development.
Nonetheless, AM serves as an excellent method for producing innovative and complex
composite materials [7].

This review aims to provide a comprehensive summary of the current state of the art
in the mechanical performance of metal and polymer-based composite materials fabricated
through AM. The review is based on an extensive examination of scientific literature
published within the last five years, utilizing reputable sources such as Science Direct,
Scopus, and Google Scholar. By analyzing the latest trends and research findings, this
review highlights the advancements and potential applications of composite materials
in the context of AM. This article serves as a comprehensive guide for researchers and
professionals who seek to gain an understanding of the recent developments, challenges,
and opportunities in the field of AM-based composite materials.

2. Fabrication of Composite Materials

Composite materials produced using additive manufacturing (AM) techniques have
undergone significant advancements throughout the years. Initially, AM methods such as
stereolithography (SLA) and Fused Deposition Modeling (FDM) were utilized to create
plastic prototypes. Subsequently, there was a development towards developing polymers
and metal matrix-based composites using AM, primarily due to their ability to manufac-
ture intricately shaped structures [8]. Further to enhance performance, high-performance
composites were developed using carbon fiber and graphene, which exhibit improved
thermal and electrical properties. Moreover, the AM concept extended to lightweight
structural applications through the use of glass particles as reinforcement, combined with
synthetic foam [9]. Among AM methods, FDM is particularly well-suited for fabricating
polymer-based composites. Thermoplastic filaments are commonly employed in the FDM
process. This method offers advantages such as low cost and the ability to vary chemical
and mechanical properties. In addition to FDM, other familiar AM techniques used for
manufacturing polymer-based composites include sheet lamination, material extrusion,
photopolymerization, and powder bed fusion. Photopolymerization provides finer resolu-
tion compared to other methods. Material extrusion, on the other hand, is the simplest and
most cost-effective method, making fabrication easier.

Metal composites-based additive manufacturing (AM) techniques are a specialized
subset of additive manufacturing that focuses on fabricating components using metal
matrix composites. These techniques involve the incorporation of reinforcement materials,
such as ceramic or carbon fibers, within a metallic matrix. By combining the unique
properties of different materials, metal composites offer enhanced mechanical strength,
improved thermal properties, and increased lightweight capabilities [10]. Metal composites-
based AM techniques, such as powder bed fusion (PBF) and directed energy deposition
(DED), enable the production of complex and high-performance metal composite parts
with precise control over material composition and fiber distribution. Several notable metal
AM techniques are:

Powder Bed Fusion (PBF): PBF includes selective laser melting (SLM) and electron
beam melting (EBM). In SLM, a high-powered laser selectively fuses metal powder particles
layer by layer to create the desired metal part. EBM, on the other hand, uses an electron
beam to melt the metal powder and form the object [11]. PBF techniques offer high precision,
intricate geometries, and excellent material properties.

Directed Energy Deposition (DED): DED techniques, such as laser metal deposition
(LMD) and electron beam freeform fabrication (EBF3), involve depositing molten metal
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layer by layer onto a substrate or previous layers. This method is particularly useful for
repairing or adding features to existing parts, as well as fabricating large-scale compo-
nents [12].

Binder Jetting (BJ): Binder jetting utilizes a liquid binder to selectively bond metal
powder particles together. The printed part is then subjected to a secondary process, such
as sintering or infiltrating, to achieve the desired mechanical properties. BJ is known for its
high productivity and suitability for producing complex geometries [13,14].

Wire Arc Additive Manufacturing (WAAM): WAAM involves melting and depositing
a metal wire using an electric arc. This technique is cost-effective and can be used for
large-scale manufacturing. WAAM is commonly used in the aerospace, automotive, and
maritime industries [15].

Ultrasonic Additive Manufacturing (UAM): UAM employs ultrasonic vibrations to
join layers of metal foils together. This technique allows for the integration of dissimilar
metals and can be used for fabricating lightweight structures [16].

These metal-based AM techniques offer numerous advantages, including design free-
dom, reduced material waste, faster prototyping, and the ability to create complex and
customized metal parts. They find applications in various industries, including aerospace,
automotive, medical, and tooling, among others [17]. Continuous research and devel-
opment efforts in metal AM are further advancing the capabilities and expanding the
possibilities of metal-based additive manufacturing.

3. Polymer-Based Composite Materials—Performance

The motivation for producing polymer-based materials through additive manufac-
turing (AM) is to enhance their properties and expand their applications across various
sectors. Natural fibers such as wool, hemp, flax, kenaf, and vegetable fibers have been
successfully utilized as replacements for artificial fibers in composite manufacturing using
AM. AM is a manufacturing process that allows for the creation of complex shapes with
minimal material waste and time. Different types of polymers, including thermoplastics,
liquid polymers, and reactive polymers, are used in AM, with recent advancements focus-
ing on incorporating fillers such as nanotubes, carbon fibers, nanofibers, nanoparticles,
and synthetic fibers into polymeric products [18]. The production of lightweight poly-
meric products presents challenges in engineering industries, and the development of
AM techniques has alleviated some of these burdens in composite manufacturing [19].
Notably, AM-based technology has demonstrated superior performance, particularly in
Fiber-Reinforced Polymer (FRP) materials, resulting in the production of high-performance
structural components [20].

Fused Deposition Modeling (FDM) is a widely adopted additive manufacturing tech-
nique employed for the production of polymeric components. This method involves the
layer-by-layer deposition of materials, resulting in well-structured parts with minimal
waste generation in the form of chips [21]. The utilization of additive manufacturing
allows for the fabrication of complex shapes while reducing chip formation and waste
production. The number of publications on FDM, FDM-polymer prints and FDM-fiber-
reinforced composites from 2009 to 2019 is shown in Figure 1. The numbers within the
brackets indicate the number of review papers on FDM-fiber-reinforced composites. FDM-
based polymeric models exhibit superior mechanical properties compared to other additive
manufacturing processes.
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Figure 1. Number of publications on FDM, FDM-polymer prints and FDM-fiber-reinforced compos-
ites from 2009 to 2019. The numbers with * within the brackets indicate the number of review papers
on FDM-fiber-reinforced composites. (Reprinted with permission from [22]).

The rectilinear filling of PLA with honeycomb structured fillers showed 15% higher
mechanical properties, due to its better-chosen filling pattern, print speed, layer thickness
and nozzle diameter [23,24]. Three-dimensional printed polylactic acid (PLA) composite
parts with carbon fiber (CF) processed using the FDM technique have enhanced tensile,
flexural, and interlaminar shear. The PLA-CF combination showed a ca.47% increase in
tensile strength compared to the pure form of CF and PLA [25]. Similarly, the same results
were observed for the same combinations as ca.90% in flexural strength and ca.72% for
interlaminar shear than in the simple forms of CF and PLA. Figure 2 shows a typical
FDM process. Low strain in PLA was increased by adding carbon fiber which led to
high-performance PLA-based polymeric composite.
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The ternary carbon black (Bi2Te3) combined with PLA-based polymeric composite
produced using a stereolithography technique and their thermoelectric (TE) properties has
recently been investigated [27–30]. Polymeric components manufactured from additive
manufacturing techniques have better thermoelectric properties than other traditional
manufacturing techniques.
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The physical properties of the polymer ensure the compatibility of the polymer with
reinforcements in achieving better properties. Polymeric materials manufactured through
AM technology usually have better applications in making flexible, corrosion-free, and
optically transparent parts [31]. FDM material is available in filament form, liquid resin for
Selective Laser Sintering(SLS) and SLA, and 3D-Scanning, 3D Printing, 3D Modeling, 3D
Visualization, and VFX materials in the form of powder. The printing temperature of these
materials shows better results between 120 ◦C and 450 ◦C [32].

Vat photopolymerization (VP) is one of the AM techniques in which the polymerization
process occurs for photosensitive resins using ultraviolet and visible light. The VP additive
manufacturing technique is well-known for part assembly and resolution of parts. The
thermo-mechanical behavior of the polymer components produced by VP techniques
results in better performance [33]. The rapid heating and cooling of polymers increase
the functional behavior of the polymeric composite [34,35]. Figure 3 presents the FDM
process flowchart, illustrating the various types of software used in the recommended
nozzle temperature and process for a few materials.
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Yangetal. [36] studied the volumetric energy density (Ev), mechanical strength, and
densification behavior of the bioglass polymeric composite. On the surface of the compos-
ite, the presence of a larger amount of liquid was found, which was responsible for the
discontinuous surface and poor lifetime of the polymeric composite [37–39]. The compo-
nent was fabricated with the lithography technique and has a smooth surface, and has a
high densification of ca.185 J/mm3 Ev value and enhanced mechanical strength of about
ca.153 MPa with very good densification [40].

High-performance polymers (HPPs) have a wide range of applications that can be
fabricated using AM techniques [41]. The demand for advanced polymer fabrication
using AM techniques for HPPs creates a platform for innovative products to be used in
material science, mechanical engineering, and multidisciplinary approach fields. Digital
light processing is the strong additive manufacturing process used to produce higher liquid
resins such as polyimide, bismaleimide, and cyanoester. In Figure 4, various 3D-printed
forms of CPs intended for use as sensors are depicted in detail. Thermoplastics such as poly
(ether imide) (PEI) and polyether ether ketone (PEEK), with high-performance properties,
are utilized as filament materials for high-temperature applications over 1770◦ [42].
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Figure 4. CPs 3D printing to be employed as sensors. (a) PEDOT:PSS electrodes printed with high
resolution by extrusion-based printing and implanted in the cranium of mice for electrophysiological
recordings. (b) GO and temperature sensor based on PEDOT:PSS inserted in a robot interface, which
allows physical interaction detection with objects in the real world, and improves the commercially
available thermistor. (Reprinted with permission from [43,44]).

The strength of composites fabricated through additive manufacturing (AM) can be
negatively affected by the agglomeration of fiber reinforcements at high-volume fractions.
To address this issue, the integrated vibration auger extension system (VIAES) technique
has been developed. VIAES is a fabrication method specifically designed for the preparation
of fiber-reinforced thermoset composites, offering the potential to achieve high fiber volume
fractions in polymers. Composites produced using the VIAES technique demonstrated a
flexural strength of 401 MPa, compression strength of 673 MPa, and flexural stiffness of
53 GPa, with a fiber volume fraction of 46%. Notably, a strong adhesion between carbon
fibers and epoxy resin was observed, leading to enhanced mechanical strength in these
composites [45].

Various printing factors also influence the performance of printed parts. Laser power,
particle size, build volume, and printing temperature are among the factors that affect the
accuracy of the final product. Precision, particularly in the selective laser sintering (SLS)
method, is crucial as the mechanical strength of the composite relies on the build volume
and printing speed. This advantage enables the production of complex structures with
improved mechanical properties compared to the FDM method [46]. The high fluidity
and thin layer of powder prints, combined with the quality of raw materials, contribute
to the development of superior surface finish and highest-resolution polymeric materi-
als [47]. A summary of the general characteristics of polymer-based additive manufacturing
techniques is shown in Table 1.
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Table 1. Characteristics of polymer-based AM techniques.

Method Advantages Disadvantages Applications

SLA
It has the capability of larger sizes. The

final material is a flexible and
transparent one

The material possesses a brittle property
which makes it not suitable for

mechanical component
Medical and jewel-making fields

SLS It has better mechanical properties and
is also able to machine huge parts

The cost is higher than that of FDM. The
lead time consumption is also high. Polymer-based components

FDM This is preferred due to its low cost. For
RPT this one is preferred

The dimensional accuracy is medium
only, and the printing speed is very low Casting and electrical appliances

Material Jetting
This possesses resistance to high

temperatures. Also, better surface finish
and accuracy.

High cost compared to SLA also has
brittle behavior that is not suitable for

mechanical applications
Injection-molded prototypes

LOM

This can machine large part sizes as well
as large casting; the printing speed is

high and has good tolerances; it is also
more environmentally friendly

The surface finish is a concern to
be addressed Automotive sectors

4. Performance of Metal-Based Composite Materials

Metal-based functional graded materials play a crucial role in achieving high-quality
welds and joints, particularly when dealing with complex shapes. However, there are vari-
ous challenges associated with these materials, including their chemical, metallurgical, and
thermal properties. The particular concern is the thermal property, as it presents a barrier
for the material coating to withstand temperatures exceeding 1000 degrees Celsius and
thicknesses greater than 10 mm [48]. Fortunately, additive manufacturing (AM) provides a
promising solution for producing top-notch products that involve metal joining processes.
Metals offer excellent functional properties, including lightweight structures and superior
resistance to high temperatures and corrosive environments. By leveraging AM techniques,
the fabrication of metal-based functional graded materials can be optimized to meet the
demanding requirements of various applications [49].

When considering the strengths and weaknesses of fiber-based additive manufac-
turing (AM) products, the combination of fibers with metals yields favorable outcomes.
Particularly for high-temperature applications, the impregnation between the fiber and
the metal enhances bonding compared to using clean metal and fibers alone [50]. The
mechanical performance of these composite materials is also significantly improved, with
a 65% increase compared to fiber–fiber and metal–metal combinations. These advance-
ments propel AM technology to the next level, enabling the production of more substantial
polymer–metal parts [51].

In a study by Dong et al., the performance of titanium (Ti) and titanium alloys (TiB)
manufactured through selective laser sintering was discussed. Among the metal powder-
based composites, Ti-TiB stands out as a cost-effective option with excellent mechanical
properties achieved by optimizing the process parameters. By incorporating TiB2 in varying
weight percentages, ranging from 0.5 wt% to 2 wt%, into titanium, notable improvements
were observed. Notably, Ti-0.5 wt% of TiB2 exhibited an enhanced tensile strength of
1813 MPa and a microhardness of HV 412 [52,53].

Cevik and Kam conducted a study on composite filaments using the fused deposition
modeling (FDM) method to examine their mechanical properties [54]. Through the addition
of polymers with metals, improved mechanical properties such as impact strength, hard-
ness, tensile strength, elastic modulus, fatigue strength, and yield strength were observed.
In FDM, the selection of additives and their proportions play a crucial role in achieving
desirable mechanical performance [55,56]. Furthermore, it was found that increasing the
layer thickness and the diameter of the nozzle by 15% in the fill patterns of finished parts
contributed to better mechanical properties [57].

In the context of composite materials, fatigue refers to the cyclic loading they ex-
perience during their operational lifespan. Fiber materials are commonly used in the
manufacturing of leaf springs, but metal-based composites have demonstrated superior
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performance compared to fiber composites [58,59]. Metal-based composite laminates pro-
duced using AM techniques have shown better results. When compared to boron/epoxy
and Kevlar/epoxy composite leaf springs, the metal-based composite exhibited 44% less
stress and 38% higher stiffness [60].

The 40% HDPE/GME composite exhibits excellent adhesion during printing, and
finite element analysis (FEA) of thermo-mechanical processes reveals a low distribution
of thermal stress across different layers in the prints. This suggests that AM techniques
offer improved strength compared to conventional methods in the manufacturing of metal
composites [61,62].

To enhance the bonding between PLA layers, aluminum (Al) spray was deposited
between the PLA layers. The incorporation of metal was varied at percentages of 40%,
70%, and 100%, while the bed temperature was adjusted between 60, 80, and 100 degrees.
The highest bed temperature of 100 degrees facilitates better fusion and results in stronger
bonding between layers. Moreover, higher temperatures increased the crystallinity of PLA
in the composite, leading to enhanced heat transfer between layers [63].

A new class of materials known as metallic cellular solids possesses unique mechanical
properties. Figure 5 illustrates a schematic representation of the fused filament fabrication
(FFF) process. Fused filament fabrication was utilized to create lattice-structured patterns
using PLA plaster and aluminum [64]. The honeycomb structure has a struct angle of
zero, owing to deviations in the moment of inertia and cross-sectional area. Combining
PLA with the aluminum model yields a well-defined metallic cellular lattice with high
tolerances. Additionally, AM serves as a cost-effective alternative to conventional methods
for fabricating metal composites [65].

Polymers 2023, 15, x FOR PEER REVIEW 8 of 19 
 

 

formance compared to fiber composites [58,59]. Metal-based composite laminates pro-

duced using AM techniques have shown better results. When compared to boron/epoxy 

and Kevlar/epoxy composite leaf springs, the metal-based composite exhibited 44% less 

stress and 38% higher stiffness [60]. 

The 40% HDPE/GME composite exhibits excellent adhesion during printing, and 

finite element analysis (FEA) of thermo-mechanical processes reveals a low distribution 

of thermal stress across different layers in the prints. This suggests that AM techniques 

offer improved strength compared to conventional methods in the manufacturing of 

metal composites [61,62]. 

To enhance the bonding between PLA layers, aluminum (Al) spray was deposited 

between the PLA layers. The incorporation of metal was varied at percentages of 40%, 

70%, and 100%, while the bed temperature was adjusted between 60, 80, and 100 degrees. 

The highest bed temperature of 100 degrees facilitates better fusion and results in 

stronger bonding between layers. Moreover, higher temperatures increased the crystal-

linity of PLA in the composite, leading to enhanced heat transfer between layers [63]. 

A new class of materials known as metallic cellular solids possesses unique me-

chanical properties. Figure 5 illustrates a schematic representation of the fused filament 

fabrication (FFF) process. Fused filament fabrication was utilized to create lat-

tice-structured patterns using PLA plaster and aluminum [64]. The honeycomb structure 

has a struct angle of zero, owing to deviations in the moment of inertia and 

cross-sectional area. Combining PLA with the aluminum model yields a well-defined 

metallic cellular lattice with high tolerances. Additionally, AM serves as a cost-effective 

alternative to conventional methods for fabricating metal composites [65]. 

 

Figure 5. Overview of Fused filament fabrication printer process (reprinted with permission from [66]). 

Wangetal.[67] studied the fracture and ductile failure mode behavior of aluminum 

(Al) prepared to produce composite additive manufacturing (CFAM) using cold 

spray-friction stir processing. There was no formation of defects such as pores and cracks 

noticed in the CFAM-manufactured composites. The layers of the composite were di-

vided into three zones, namely top, bottom, and middle, the grain size distribution in 

various zones varies with the microstructure by the top zone (0.3–25 µm), middle (0.3–22 

µm), and bottom (0.3–18 µm) which clearly define the perfect bonding and recrystalliza-

tion of the AM samples. 

Another important problem is the energy transfer through fluid channels, during 

AM technique usage. Compared to lightweight applications, the fluid transmitted 

through channels has more energy transfer and strength. The advantage of heat transfer 

during AM techniques is very essential to producing a higher energy conversion between 

the layers of metal laminates. The effective design of components and their performance 

Figure 5. Overview of Fused filament fabrication printer process (reprinted with permission
from [66]).

Wang et al. [67] studied the fracture and ductile failure mode behavior of aluminum
(Al) prepared to produce composite additive manufacturing (CFAM) using cold spray-
friction stir processing. There was no formation of defects such as pores and cracks noticed
in the CFAM-manufactured composites. The layers of the composite were divided into
three zones, namely top, bottom, and middle, the grain size distribution in various zones
varies with the microstructure by the top zone (0.3–25 µm), middle (0.3–22 µm), and
bottom (0.3–18 µm) which clearly define the perfect bonding and recrystallization of the
AM samples.

Another important problem is the energy transfer through fluid channels, during AM
technique usage. Compared to lightweight applications, the fluid transmitted through
channels has more energy transfer and strength. The advantage of heat transfer during
AM techniques is very essential to producing a higher energy conversion between the
layers of metal laminates. The effective design of components and their performance is
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purely dependent on the channel flow of the multi-material and multi-process in the AM
technique [68].

The high-performance integrated system is used in the selective laser sintering (SLS)
process to enhance the mechanical properties of hybrid composites. When the microstruc-
ture of metallic components on the layer surface is refined, the surface micro-hardness
is improved. It reduces the residual tensile and compressive stress between the layers of
the hybrid composite. Using this technique, a reduction in residual stress is observed at
approximately 310 MPa and 396 MPa, respectively with a depth of 0.9 mm.

The low- and high-speed composite impact resistance manufactured through the
AM technique shows improved results. The multi-wall of carbon and aluminum absorbs
very low energy during the time of low-velocity impact event, happening about 18.03%
compared to other samples of carbon/aluminum. In the time of high velocity, an event that
occurs for the same (carbon/aluminum) very low amount of velocity is observed between
84 m/s to 150 m/s. The particle and settlement of the metal on the fiber produce a superior
property for the composite made through AM techniques [69].

The thermal expansion of the aluminum/titanium composite is measured for the com-
posite produced through 3D printing. The alternative arrangement of increased titanium
layers in the composite has better thermal expansion. The unique combination in the time
of composite production acts as a potential barrier in transmitting the heat between the
layers. The measured thermal expansion is around 17.1 × 10−6 K−1 and this is a control
expansion that shows the accuracy of the composite model that gives greater thermal
stability [70]. Table 2 represents the characteristics of metal-based AM techniques.

Table 2. Characteristics of metal-based AM techniques.

Method Advantages Disadvantages Applications

SLM It has the capability of machining
complex geometries.

Among all the available
technologies, it is the most

expensive one.

Used in the biomedical, aerospace,
and automotive sectors.

Binder Jetting Provides a high-quality surface
finish with good precision.

The processing speed is limited,
as the well as mechanical

properties are not good compared
to others.

Casting and architecture.

LENS

All of these techniques possess
excellent metallurgical properties. It

is also used in part
for reconditioning.

Possess a lack of supporting
structures due to different

materials usage
Medical sectors and turbines.

5. Applications

The technological advancement in the business area leads to the incorporation of AM
by industries to produce a component. In the industry part development concern, the AM
technique saves more time, offers good dimensional stability, and limits the waste of mate-
rial during the time of manufacturing [71]. Nowadays, the AM fabrication technique is one
of the wide ranges of methodologies used to produce most of the engineering components.
In that sense, sensors are one of the products which are mainly fabricated through this
technique. Sensors for engineering applications such as mechanical, temperature, particle,
and tactile sensors are manufactured through this technique. Additionally, for biomedical
applications, bio-molecular, microbial, cell-based, and bionic sensors were manufactured.
These sensors are manufactured by 3D printing with PLA, graphite, and thermoplastic
polyurethane as printed material [72].

AM technology extended in the area of dental implants, bone mesh with titanium
(Ti), and cobalt–chromium (Co-Cr). The mechanical and micro-structural properties of
chromium and cast steel have improved properties, during the fabrication using SLS,
SLM, and PBF AM techniques [73]. Seismic isolation bearings are one of the sensational
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discoveries of the AM technique, which is predominately used in the automotive industry.
This is manufactured using a binder jet printer (BJM), with 190 m quartz sand of 190 µm.
Very good compressive and tensile strength is noted for these materials, with better curing
at room temperature [74]. The novel drug discovery system involves this AM technique
for producing dosed drugs like tablets, pills, and capsules for various diseases. The
advantages of 3D printing over subtractive manufacturing are represented in Figure 6. The
pharmaceutical and medicine industries have widely used AM techniques, such as FDM,
binder printing, SLA, and SLS for compatible packaging purposes.
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Few polymers (carbon, nylon, ABS) and metals (copper and nickel) have good optical
properties and are chemically stable in various climatic conditions. Products such as
dolls, reflective mirrors, and some pictorial structures are made with these materials
fabricated through AM techniques. The transparent photo-resisting property of these
materials attracts people to view the products as more colorful [76]. Using 3D-printing AM
technology, instruments such as custom trays, surgical guides, provisional restorations,
and implant casts were manufactured. It is a virtual-based scanner model that significantly
improves the accuracy of the implant sleeve. By using materials such as VisiJet M3 Stone
plast and dental SG resin, most dental models are produced, which are used for the long-life
application of the products [43]. In the automotive industry, owing to the less weight of
components, most OEMs prefer AM-based products for metal replacement, and this type
of digital platform helps to improve the sustainability of products and satisfy the needs of
the customers [77].

In the construction sectors, concrete printing, free foam, powder bed, and contour
crafting are some of the methods used to manufacture concrete, sand, and cement through
the AM technique. Additive manufacturing produced better layer adhesion and build
ability for finished constructive products [78]. Three-dimensional printing, SLM, FDM, and
SLA are the highly necessary techniques that are used in the electrochemical process for
energy transformation. The electrodes are fabricated using the AM technique which also
acts as an insulator and keeps the chemical reactions under control [79].

Some of the thermoplastic materials are becoming cheaper and are used regularly for
producing textiles, using 3D-printing technology. Using Netfabb: 3D printing software, the
difficulty in the geometry of the textile was resolved and fine quality was achieved through
optimization and ankle braces of textiles were produced [80,81].

The customization of AM technology is mostly preferred to fabricate bones, tissues,
and human organs. In addition, it plays an important role in providing treatments for
valvular heart disease, heart disease, electrophysiology, physiology, cardiac masses, and
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diagnostic testing. AM technology also provides a promising application to print liver
tissue and cells to fulfill customization functions [82].

5.1. 3D-Printed Rocket Components

3D printing, especially with metals, is employed in rocket production. Engineers can
reinvent the rocket parts design and produce them in a shorter amount of time due to
advances in technology [83].

Spotlight: Airbus

In the aerospace industry, 3D-printed plastic components, such as those used in aero-
plane cabins, can be of great benefit. Acrylic resin aerosol jet printing with simultaneous
UV LED curing yields high aspect ratio 3D objects, as seen in Figure 7. At some point,
the interior of a commercial plane may need to be renovated, which may involve replac-
ing things like wall panels. Generally speaking, customization necessitates small-batch
production of parts. We also require fast turnaround times. Airbus has used 3D printing
FDM to build components with complicated characteristics, such as lattice structures, at no
additional cost to manufacture [84]. The final result is 15% lighter spacer panels than panels
made with conventional procedures, which helps reduce the overall weight of the aircraft.
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5.2. 3D Printing during COVID-19

Globally, for medical personnel and patients, 3D printing technology is frequently
utilized to fabricate PPE. During the COVID-19 pandemic, the private sector and individ-
uals used 3D printers to create protective safety goggles, masks, contact-free door knobs,
manikins, respirators, and ventilator pieces for healthcare personnel. Several companies
have begun 3D printing safety eyewear and miniature quarantine enclosures for hospi-
tals [85]. The Purdue University faculty and graduate students redesign and print the
intricate components of face shields, safety glasses, and ventilators. Automobile manufac-
turers such as General Motors (GM), and Tesla began to play their role in the fight against
the pandemic by promptly prototyping the PPE parts and ventilators to considerably en-
hance the availability of equipment to medical professionals and the public [86,87]. Figure 8
represents additional innovative contributions of 3DP to the fight against the pandemic, in-
cluding nasopharyngeal swabs for preventive/diagnostic face syringes, shields, ventilator
valves, testing, medical gloves, test tubes, and connections.



Polymers 2023, 15, 2564 12 of 19Polymers 2023, 15, x FOR PEER REVIEW 12 of 19 
 

 

 

Figure 8. 3D printing during COVID-19 outspread—Application overview. (a) Valves used to convert 

the snorkeling face masks into ventilators (b) Valves for respiratory devices (c) nasopharyngeal swabs 

(d) syringes (e) medical manikins for swabs (f) Silicon masks (g) protective face shields (h) emergency 

respiratory equipment (i) safety goggles (j) contact-free door handles (k) isolation wards (l) isolation 

houses equipped with a bed, shower, and toilet. (Reprinted with permission from [75]). 

5.3. Digital Dentistry, Medical Modelling, and Prosthetics in AM Process 

The consideration of design strategies, techniques, and materials allows the manu-

facture of customized 3D-printed parts, which is very advantageous for the medical 

sector. This technology is being applied to use in the medical field, including a spinal fu-

sion cage, a dental model, a prosthetic hand, PPE, a sacral surgical planning model, and 

tiny needles for the administration of drugs [88–92]. 

Patient-specific hearing aid cases made by Phonak and Material are one of the first 

examples of how AM has been used successfully not just for prototyping but also for 

creating things [93]. The 3D scanning or molding of the patient’s ear is the first step in 

making the polymeric casing. This creates an STL file that can be used by AM to make the 

casing. In the last 20 years, both the hardware and software used for 3D medical imaging 

(using magnetic resonance imaging (MRI) and positron emission tomography (PET)) 

have come a long way. Combining these techniques with AM has led to the creation of 

patient-specific models that can stand on their own and be used to plan hip, knee, 

shoulder, or brain tumor surgeries. As an example, SLS has been utilized with polyamide 

to make customized medical field parts, such as the neurosurgical guide. The guide piece 

is made for each patient based on their MRI and CT scans, and it helps align a micro drive 

to record and place a deep brain stimulation lead. With photo-based AM of elastomeric 

photopolymers, clear and flexible models of a whole heart have been formed with con-

nected inner chambers, blood vessel structures, and mitral valve. Figure 9 shows SLS 

with PA-12 powder, a neurosurgical guide that is made to order. 

 

Figure 9. SLS with PA-12 powder manufactured customized neurosurgical guide (Reprinted with 

permission from [94]). 
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(d) syringes (e) medical manikins for swabs (f) Silicon masks (g) protective face shields (h) emergency
respiratory equipment (i) safety goggles (j) contact-free door handles (k) isolation wards (l) isolation
houses equipped with a bed, shower, and toilet. (Reprinted with permission from [75]).

5.3. Digital Dentistry, Medical Modelling, and Prosthetics in AM Process

The consideration of design strategies, techniques, and materials allows the manufac-
ture of customized 3D-printed parts, which is very advantageous for the medical sector.
This technology is being applied to use in the medical field, including a spinal fusion cage,
a dental model, a prosthetic hand, PPE, a sacral surgical planning model, and tiny needles
for the administration of drugs [88–92].

Patient-specific hearing aid cases made by Phonak and Material are one of the first ex-
amples of how AM has been used successfully not just for prototyping but also for creating
things [93]. The 3D scanning or molding of the patient’s ear is the first step in making the
polymeric casing. This creates an STL file that can be used by AM to make the casing. In the
last 20 years, both the hardware and software used for 3D medical imaging (using magnetic
resonance imaging (MRI) and positron emission tomography (PET)) have come a long way.
Combining these techniques with AM has led to the creation of patient-specific models that
can stand on their own and be used to plan hip, knee, shoulder, or brain tumor surgeries.
As an example, SLS has been utilized with polyamide to make customized medical field
parts, such as the neurosurgical guide. The guide piece is made for each patient based on
their MRI and CT scans, and it helps align a micro drive to record and place a deep brain
stimulation lead. With photo-based AM of elastomeric photopolymers, clear and flexible
models of a whole heart have been formed with connected inner chambers, blood vessel
structures, and mitral valve. Figure 9 shows SLS with PA-12 powder, a neurosurgical guide
that is made to order.
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5.4. Utilizing Additive Manufacturing in the Food Industry

In 2001, a patent showing the 3D-designed cake AM described the first efforts to
utilize additive manufacturing technology in the food processing industry. Additionally,
experts assert that AM can be used to improve the nutrition sources previously rejected by
consumers, such as the “insects au gratin” project. Economic reasons [95,96] indicate that
this technique is unlikely to deliver the promise of resolving the world’s nutrition problems.

5.5. 4D Printing Method

Objects that are conventionally 3D printed keep their original forms and attributes
throughout their entire product lifetimes. Stratasys, Inc. pioneered 4D printing and Skylar
Tibbits of the MIT Self-Assembly Lab, which uses time as the 4D for 3D fabricated “smart”
structures that change shape in programmable and predefined ways in response to external
stimuli. This stimuli-responsive behavior, which is programmable through the selection
of suitable printing materials and CAD, considerably widens the spectrum of traditional
SMA, multifunctional materials, and systems smart materials [97]. One material retains its
rigidity regardless of the presence of water, while the other (a hydrogel) swells significantly
(>200%) in the presence of water. By carefully positioning expanding materials using
4D printing, it is feasible to build water-responsive joints that, when touched, morph by
bending and folding into a wide range of CAD-programmed forms [98].

6. Future Scope

The future scope of AM in the production of composite materials plays a predominant
role in determining very important properties of composites, such as fatigue behavior,
especially the composites prepared using the FDM technique. The impact on the fatigue
behavior of the composites is considerably varied when compared to the ordinary process
which is more helpful in biomedical applications [99]. Further studies have been carried
out on the thermal and mechanical characteristics of FDM fiber-based composites [100,101]
and reported that the FDM is the cheapest and most time-consuming method but leads to
improved strength in strength for a few cases that can be drastically changed by altering the
printing parameters that creates huge future scope for further research. The fire resistance
properties of 3D-printed composites were also reported [102], which is another potential to
explore more in research by varying the printing parameters. Another interesting review
focusing on the recycling and reuse of AM materials [103] inferred the fact that there are
huge potential huge opportunities for recycled polymers to be utilized in the development
of AM products.

Although there have been many advancements in applying polymer 3D printing
research to medical applications, there are still numerous obstacles to overcome. Material
characteristics are controlled by design performance, and process parameters are based
on fabrication consistency [104]. Figure 10 shows the progressive 3D printing technology
and its application in medical materials. Chart showing the application area (yellow
boxes), with corresponding products (blue boxes) and primary 3D printing techniques
(green boxes). Improving 3D-printed polymer performance in medical applications
requires the development of innovative, computational methodologies and integrated
design methods that holistically incorporate process, design, and materials in the new
product creation.

Although several 3D-printable polymer materials have been produced in recent years,
it is not always easy to select materials for particular purposes. Material selection is crucial
to generating a print with acceptable characteristics, but it is difficult since 3D-printed
polymers have performance uncertainties and ranges that are dependent on the printing
method and factors.
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Challenges and Limitations in Additive Manufacturing of Composite Materials

As discussed in previous sections, additive manufacturing has several advantages
in the development of metal- and polymer-based composites. However, there are several
challenges and limitations that prevent its widespread application [106]. The current
challenges and limitations in composite additive manufacturing.

The need for specific properties such as printability, compatibility with the printing
process, and post-processing requirements makes selecting appropriate composite materi-
als for additive manufacturing difficult. Composite materials are frequently composed of
multiple components, such as reinforcing fibers and matrix materials, and have complex
formulations. Due to the unique rheological properties, viscosity, and fiber alignment
of composite materials, achieving consistent and reliable printing parameters could be
difficult. It is critical to optimize the printing process parameters for each specific composite
material [107]. Furthermore, in composite materials, achieving desired fiber orientation and
alignment is critical to ensuring desired mechanical properties. Additive manufacturing
techniques struggle to precisely control fiber orientation during the printing process [108].
Anisotropic mechanical properties can result from random fiber orientation or misalign-
ment, reducing the overall strength and performance of the printed parts.

Furthermore, proper reinforcing fiber distribution within the matrix is critical for opti-
mal mechanical properties. Fibers are typically discontinuous and randomly distributed
in some additive manufacturing processes, such as fused filament fabrication. This can
result in uneven mechanical properties and decreased overall strength of the composites.
To achieve the desired mechanical properties and surface finish of composite parts, post-
processing steps such as curing, heat treatment, and machining may be required. These
extra steps can add complexity, time, and cost to the manufacturing process. It is difficult
to develop efficient post-processing techniques for additive composite manufacturing [109].
Composite additive manufacturing is frequently limited in terms of scale and production
rate. While it excels at producing complex, low-volume parts, due to the time required
for printing and post-processing, the process may not be as efficient for large-scale pro-
duction. The challenge of scaling up the process while maintaining consistent quality and
productivity must be addressed. It is critical to ensure consistent quality and repeatability
of composite parts produced through additive manufacturing, especially in industries
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with stringent regulations and standards. Creating standardized testing methods, quality
control protocols, and certification processes for additive composite manufacturing is an
ongoing challenge.

To address these challenges and limitations, ongoing research, the development of new
materials, process optimization, and advancements in additive manufacturing technologies
will be required. If these obstacles are overcome, the additive manufacturing of composite
materials has the potential to revolutionize industries such as aerospace, automotive, and
healthcare [110].

7. Conclusions

In this review paper, using recent results, an overview of AM of polymeric composites
has been carried out. The use of AM concepts creates a huge impact on the development of
composite materials with different shapes and complex structures.

1. Among all combinations available, the polymer-based materials were found to be
excellent, which suits the 3D printing technology. The development of 3D printing
technology is rapid. Numerous published publications and mechanical components in
the biomedical, aeronautics, electronics, architectural, building fields, and automotive
industries confirm this progress.

2. The commercially available natural fibers like hemp, flax, and wool are used to
produce composite materials which act as a better replacement for synthetic materials
which are also effective in the AM technique.

3. Polymeric materials such as PLA, PP, ABS, PEEK, and PC possess very good mechani-
cal properties and are predominantly used to produce high-performance structural
parts in aerospace and marine applications.

4. AM techniques are also preferred for metal-based fabrication, which has higher
supportive products for thermal and high-temperature applications. In medical and
biotechnology fields, the utilization of the AM technique is found more in which they
are used to produce replacements for prosthetics, tissues, teeth, and bone implants.

5. Additive manufacturing technology creates an impact in the field of sustainable man-
ufacturing with a wide range of applications and products with the introduction of
newer materials that offer different properties through manufacturing in the markets.
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65. Mierzwiński, D.; Łach, M.; Gądek, S.; Lin, W.-T.; Tran, D.H.; Korniejenko, K. A brief overview of the use of additive manufacturing
of con-create materials in construction. Acta Innov. 2023, 22–37. [CrossRef]

66. Alafaghani, A.; Qattawi, A.; Alrawi, B.; Guzman, A. Experimental Optimization of Fused Deposition Modelling Processing
Parameters: A Design-for-Manufacturing Approach. Procedia Manuf. 2017, 10, 791–803. [CrossRef]

67. Tong, Y.; Feng, Z.; Kim, J.; Robertson, J.L.; Jia, X.; Johnson, B.N. 3D printed stretchable triboelectric nanogenerator fibers and
devices. Nano Energy 2020, 75, 104973. [CrossRef]

68. Li, H.; Fan, W.; Zhu, X. Three-dimensional printing: The potential technology widely used in medical fields. J. Biomed. Mater. Res.
Part A 2020, 108, 2217–2229. [CrossRef]

69. Novak, J.I.; Loy, J. A critical review of initial 3D printed products responding to COVID-19 health and supply chain challenges.
Emerald Open Res. 2020, 2, 24. [CrossRef]

70. Cheng, M.; Deivanayagam, R.; Shahbazian-Yassar, R. 3D Printing of Electrochemical Energy Storage Devices: A Review of
Printing Techniques and Electrode/Electrolyte Architectures. Batter. Supercaps 2020, 3, 130–146. [CrossRef]

71. Yadav, P.; Angajala, D.K.; Singhal, I.; Sahai, A.; Sharma, R.S. Evaluating mechanical strength of three dimensional printed PLA
parts by free form fabrication. Mater. TodayProc. 2021, 46, 9498–9502. [CrossRef]

72. Low, Z.-X.; Chua, Y.T.; Ray, B.M.; Mattia, D.; Metcalfe, I.S.; Patterson, D.A. Perspective on 3D printing of separation membranes
and comparison to related unconventional fabrication techniques. J. Membr. Sci. 2017, 523, 596–613. [CrossRef]

73. Van de Werken, N.; Tekinalp, H.; Khanbolouki, P.; Ozcan, S.; Williams, A.; Tehrani, M. Additively manufactured carbon
fiber-reinforced composites: State of the art and perspective. Addit. Manuf. 2020, 31, 100962. [CrossRef]

74. Espera, A.H.; Valino, A.D.; Palaganas, J.O.; Souza, L.; Chen, Q.; Advincula, R.C. 3D Printing of a Robust Polyamide-12-Carbon
Black Composite via Selective Laser Sintering: Thermal and Electrical Conductivity. Macromol. Mater. Eng. 2019, 304, 1800718.
[CrossRef]

75. Du, W.; Bai, Q.; Zhang, B. A Novel Method for Additive/Subtractive Hybrid Manufacturing of Metallic Parts. Procedia Manuf.
2016, 5, 1018–1030. [CrossRef]

76. Cersoli, T.; Cresanto, A.; Herberger, C.; MacDonald, E.; Cortes, P. 3D Printed Shape Memory Polymers Produced via Direct Pellet
Extrusion. Micromachines 2021, 12, 87. [CrossRef]

77. Ligon, S.C.; Liska, R.; Stampfl, J.; Gurr, M.; Mülhaupt, R. Polymers for 3D Printing and Customized Additive Manufacturing.
Chem. Rev. 2017, 117, 10212–10290. [CrossRef]

78. Mondschein, R.J.; Kanitkar, A.; Williams, C.B.; Verbridge, S.S.; Long, T.E. Polymer structure-property requirements for stereolitho-
graphic 3D printing of soft tissue engineering scaffolds. Biomaterials 2017, 140, 170–188. [CrossRef]

79. Yan, M.; Tian, X.; Peng, G.; Li, D.; Zhang, X. High temperature rheological behavior and sintering kinetics of CF/PEEK composites
during selective laser sintering. Compos. Sci. Technol. 2018, 165, 140–147. [CrossRef]

80. Singh, B.; Kumar, R.; Chohan, J.S. Polymer matrix composites in 3D printing: A state of art review. Mater. Today Proc. 2020,
33, 1562–1567. [CrossRef]

81. Heidari-Rarani, M.; Rafiee-Afarani, M.; Zahedi, A. Mechanical characterization of FDM 3D printing of continuous carbon fiber
reinforced PLA composites. Compos. Part B Eng. 2019, 175, 107147. [CrossRef]

82. Yuan, S.; Shen, F.; Chua, C.K.; Zhou, K. Polymeric composites for powder-based additive manufacturing: Materials and
applications. Prog. Polym. Sci. 2019, 91, 141–168. [CrossRef]

83. Guo, Z.; Poot, A.A.; Grijpma, D.W. Advanced polymer-based composites and structures for biomedical applications. Eur. Polym.
J. 2021, 149, 110388. [CrossRef]

84. Hu, C.; Qin, Q.-H. Advances in fused deposition modeling of discontinuous fiber/polymer composites. Curr. Opin. Solid State
Mater. Sci. 2020, 24, 100867. [CrossRef]

85. Erickson, M.M.; Richardson, E.S.; Hernandez, N.M.; Bobbert, D.W.; Gall, K.; Fearis, P. Helmet Modification to PPE With 3D
Printing During the COVID-19 Pandemic at Duke University Medical Center: A Novel Technique. J. Arthroplast. 2020, 35, S23–S27.
[CrossRef] [PubMed]

86. Zhang, P.; Wang, Z.; Li, J.; Li, X.; Cheng, L. From materials to devices using fused deposition modeling: A state-of-art review.
Nanotechnol. Rev. 2020, 9, 1594–1609. [CrossRef]

https://doi.org/10.1016/j.polymertesting.2022.107594
https://doi.org/10.1007/s42824-020-00012-0
https://doi.org/10.1002/pc.26275
https://doi.org/10.1007/s00170-018-03276-8
https://doi.org/10.32933/ActaInnovations.48.2
https://doi.org/10.1016/j.promfg.2017.07.079
https://doi.org/10.1016/j.nanoen.2020.104973
https://doi.org/10.1002/jbm.a.36979
https://doi.org/10.35241/emeraldopenres.13697.1
https://doi.org/10.1002/batt.201900130
https://doi.org/10.1016/j.matpr.2020.03.557
https://doi.org/10.1016/j.memsci.2016.10.006
https://doi.org/10.1016/j.addma.2019.100962
https://doi.org/10.1002/mame.201800718
https://doi.org/10.1016/j.promfg.2016.08.067
https://doi.org/10.3390/mi12010087
https://doi.org/10.1021/acs.chemrev.7b00074
https://doi.org/10.1016/j.biomaterials.2017.06.005
https://doi.org/10.1016/j.compscitech.2018.06.023
https://doi.org/10.1016/j.matpr.2020.04.335
https://doi.org/10.1016/j.compositesb.2019.107147
https://doi.org/10.1016/j.progpolymsci.2018.11.001
https://doi.org/10.1016/j.eurpolymj.2021.110388
https://doi.org/10.1016/j.cossms.2020.100867
https://doi.org/10.1016/j.arth.2020.04.035
https://www.ncbi.nlm.nih.gov/pubmed/32354536
https://doi.org/10.1515/ntrev-2020-0101


Polymers 2023, 15, 2564 19 of 19

87. Daver, F.; Lee, K.P.M.; Brandt, M.; Shanks, R. Cork–PLA composite filaments for fused deposition modelling. Compos. Sci. Technol.
2018, 168, 230–237. [CrossRef]

88. Egan, P.F.; Gonella, V.C.; Engensperger, M.; Ferguson, S.; Shea, K. Computationally designed lattices with tuned properties for
tissue engineering using 3D printing. PLoS ONE 2017, 12, e0182902. [CrossRef]

89. Revilla-León, M.; Gonzalez-Martin, O.; Rdt, J.P.L.; Sánchez-Rubio, J.L.; Özcan, M. Position Accuracy of Implant Analogs on 3D
Printed Polymer versus Conventional Dental Stone Casts Measured Using a Coordinate Measuring Machine. J. Prosthodont. 2018,
27, 560–567. [CrossRef]

90. Zuniga, J.; Katsavelis, D.; Peck, J.; Stollberg, J.; Petrykowski, M.; Carson, A.; Fernandez, C. Cyborg beast: A low-cost 3d-printed
prosthetic hand for children with upper-limb differences. BMC Res. Notes 2015, 8, 10. [CrossRef]

91. Rubio-Pérez, I.; Lantada, A.D. Surgical Planning of Sacral Nerve Stimulation Procedure in Presence of Sacral Anomalies by Using
Personalized Polymeric Prototypes Obtained with Additive Manufacturing Techniques. Polymers 2020, 12, 581. [CrossRef]

92. Economidou, S.N.; Lamprou, D.A.; Douroumis, D. 3D printing applications for transdermal drug delivery. Int. J. Pharm. 2018,
544, 415–424. [CrossRef] [PubMed]

93. Ghiban, B.; Pascu, N.E.; Antoniac, I.V.; Jiga, G.; Milea, C.; Petre, G.; Gheorghe, C.; Munteanu, C.; Istrate, B. Surface Characterization
of Fracture in Polylactic Acid vs. PLA + Particle (Cu, Al, Graphene) Insertions by 3D Fused Deposition Modeling Technology.
Coatings 2021, 11, 633. [CrossRef]

94. Medical: FHC-EOS Technology for Manufacturing of Stereotactic Platforms for Neurosurgery. Available online: http://www.eos.
info/press/customer_case_studies/fhc (accessed on 29 December 2015).

95. Nazir, A.; Jeng, J.-Y. A high-speed additive manufacturing approach for achieving high printing speed and accuracy. Proc. Inst.
Mech. Eng. Part CJ. Mech. Eng. Sci. 2020, 234, 2741–2749. [CrossRef]

96. Godoi, F.C.; Prakash, S.; Bhandari, B.R. 3d Printing Technologies Applied for Food Design: Status and Prospects. J. Food Eng.
2016, 179, 44–54. [CrossRef]

97. Rahim, T.N.A.T.; Abdullah, A.M.; Akil, H. Recent Developments in Fused Deposition Modeling-Based 3D Printing of Polymers
and Their Composites. Polym. Rev. 2019, 59, 589–624. [CrossRef]

98. Tibbits, S. 4D Printing: Multi-Material Shape Change. Arch. Des. 2014, 84, 116–121. [CrossRef]
99. Attaran, M. The rise of 3-D printing: The advantages of additive manufacturing over traditional manufacturing. Bus. Horiz. 2017,

60, 677–688. [CrossRef]
100. Yamada, K.; Magori, Y.; Akimoto, S.; Sone, J. Micro-nano 3D printing of electronically conductive polymers as a new process for

achieving higher electronic conductivities. Microsyst. Technol. 2019, 25, 2051–2057. [CrossRef]
101. Lei, Z.; Chen, Z.; Peng, H.; Shen, Y.; Feng, W.; Liu, Y.; Zhang, Z.; Chen, Y. Fabrication of highly electrical conductive composite

filaments for 3D-printing circuits. J. Mater. Sci. 2018, 53, 14495–14505. [CrossRef]
102. DebRoy, T.; Wei, H.L.; Zuback, J.S.; Mukherjee, T.; Elmer, J.W.; Milewski, J.O.; Beese, A.M.; Wilson-Heid, A.; De, A.; Zhang, W.

Additive manufacturing of metallic components–Process, structure and properties. Prog. Mater. Sci. 2018, 92, 112–224. [CrossRef]
103. MacDiarmid, A.; Yang, L.; Huang, W.; Humphrey, B. Polyaniline: Electrochemistry and application to rechargeable batteries.

Synth. Met. 1987, 18, 393–398. [CrossRef]
104. Kumar, D.; Sharma, R. Advances in conductive polymers. Eur. Polym. J. 2018, 34, 1053–1060. [CrossRef]
105. Fan, D.; Li, Y.; Wang, X.; Zhu, T.; Wang, Q.; Cai, H.; Liu, Z. Progressive 3D printing technology and its application in medical

materials. Front. Pharmacol. 2020, 11, 122. [CrossRef] [PubMed]
106. Hussain, G.; Khan, W.A.; Ashraf, H.A.; Ahmad, H.; Ahmed, H.; Imran, A.; Ahmad, I.; Rehman, K.; Abbas, G. Design and

development of a lightweight SLS 3D printer with a controlled heating mechanism: Part A. Int. J. LightMater. Manuf. 2019,
2, 373–378. [CrossRef]

107. Daminabo, S.C.; Goel, S.; Grammatikos, S.A.; Nezhad, H.Y.; Thakur, V.K. Fused deposition modeling-based additive manu-
facturing (3D printing): Techniques for polymer material systems. Mater. Today Chem. 2020, 16, 100248. [CrossRef]

108. Ngo, T.D.; Kashani, A.; Imbalzano, G.; Nguyen, K.T.Q.; Hui, D. Additive Manufacturing (3D Printing): A Review of Materials,
Methods, Applications and Challenges. Compos. Part B Eng. 2018, 143, 172–196. [CrossRef]

109. Abdulhameed, O.; Al-Ahmari, A.; Ameen, W.; Mian, S.H. Additive manufacturing: Challenges, trends, and applications. Adv.
Mech. Eng. 2019, 11, 1687814018822880. [CrossRef]

110. Ikram, H.; Al Rashid, A.; Koç, M. Additive manufacturing of smart polymeric composites: Literature review and future
perspectives. Polym. Compos. 2022, 43, 6355–6380. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1016/j.compscitech.2018.10.008
https://doi.org/10.1371/journal.pone.0182902
https://doi.org/10.1111/jopr.12708
https://doi.org/10.1186/s13104-015-0971-9
https://doi.org/10.3390/polym12030581
https://doi.org/10.1016/j.ijpharm.2018.01.031
https://www.ncbi.nlm.nih.gov/pubmed/29355656
https://doi.org/10.3390/coatings11060633
http://www.eos.info/press/customer_case_studies/fhc
http://www.eos.info/press/customer_case_studies/fhc
https://doi.org/10.1177/0954406219861664
https://doi.org/10.1016/j.jfoodeng.2016.01.025
https://doi.org/10.1080/15583724.2019.1597883
https://doi.org/10.1002/ad.1710
https://doi.org/10.1016/j.bushor.2017.05.011
https://doi.org/10.1007/s00542-018-3897-z
https://doi.org/10.1007/s10853-018-2645-1
https://doi.org/10.1016/j.pmatsci.2017.10.001
https://doi.org/10.1016/0379-6779(87)90911-8
https://doi.org/10.1016/S0014-3057(97)00204-8
https://doi.org/10.3389/fphar.2020.00122
https://www.ncbi.nlm.nih.gov/pubmed/32265689
https://doi.org/10.1016/j.ijlmm.2019.01.005
https://doi.org/10.1016/j.mtchem.2020.100248
https://doi.org/10.1016/j.compositesb.2018.02.012
https://doi.org/10.1177/1687814018822880
https://doi.org/10.1002/pc.26948

	Introduction 
	Fabrication of Composite Materials 
	Polymer-Based Composite Materials—Performance 
	Performance of Metal-Based Composite Materials 
	Applications 
	3D-Printed Rocket Components 
	3D Printing during COVID-19 
	Digital Dentistry, Medical Modelling, and Prosthetics in AM Process 
	Utilizing Additive Manufacturing in the Food Industry 
	4D Printing Method 

	Future Scope 
	Conclusions 
	References

