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Abstract: Remarkable advancements have been witnessed in the domain of 3D printing technology
during the past few years. It is a technique that might enhance the manufacturing process by creating
tiny layers of materials from digital three-dimensional designs that are built using modern CAD
software. It has a myriad of applications and is already being applied in practically every aspect of
life. Many industries, such as automotive, aerospace, healthcare, education, and art, have already
embraced 3D printing technology for its power of customization, product’s weight reduction, waste
minimization, and capacity to cope with sophisticatedly designed components. For these reasons, it
may be speculated that 3D printing technology may have an extensive influence on the next industrial
revolution. Therefore, the purpose of this article is to present an overview of 3D printing technology:
literature, components, general 3D printing steps, 3D printing categories, related materials,
advantages, disadvantages, and research needs.
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1. Introduction

By successively depositing material, three-dimensional (3D) printing is capable of transforming a
geometrical representation into physical objects [1]. To put it another way, 3D printing — also known
as additive manufacturing or rapid prototyping [2] — is a process by which intricate components are
created successively by the addition of layers by means of a computer-aided design model [3] [4] [5].
Back in 1956, when Otto Munz introduced one of the earliest concepts of this kind of technique, which
was photo-glyph recording [6]. In contrast, numerous individuals today regard Charles Hull as the
progenitor of 3D printing, given that his patent from the 1980s coined the term "stereolithography" and
facilitated the commercialization of the first 3D printing instruments [1] [6] [7] [8].

In this modern era, because of 3D printing technology’s availability for enhanced performance,
complicated geometries, and easier production, 3D printing is currently accepted by a number of
industrial sectors, e.g., automotive, aerospace, dental and medical treatment, education, art, culture, and
so on [8]. Albeit it’s growth and potential to be a feasible alternative to traditional manufacturing
processes in certain circumstances, it might not seem entirely competitive at the present moment.
Moreover, although it is hard to foretell exactly which sectors will be most significantly affected by 3D
printing, the most probable candidate sectors in the foreseeable future are those that need low- volume
productions of high-value, highly sophisticated parts, such as the aerospace industry [9] [10]. Since
there are versatile domains where 3D printing technology may be employed, it provides new prospects
and brings hope to many possibilities for companies trying to enhance manufacturing efficacy [1].
Moreover, it has the ability to revolutionize manufacturing industries with its capacity for mass
customization of items on a huge scale [11]. In addition to its influence on manufacturing industries,
this 3D printing breakthrough is a forthcoming household necessity; consequently, it offers a personally
customizable environment [2]. Therefore, it may also give a new opportunity to revolutionize
personalized customized manufacturing.

In addition to revolutionize manufacturing, it needs to be mentioned that Industry 4.0 is the expression

of the smart thinking concept for manufacturing environments that was initially suggested by the
Communication Promoters Group of the Industry-Science Research Alliance in 2011. Industry 4.0 is
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defined as the fourth industrial revolution, representing a new stage of coordination and supervision of
entire value chains over the full lifespan of goods. In such a setting, 3D printing offers an appropriate
technological solution for quick prototyping with agility in developing complicated designs and large-
scale customization that requires low waste [12]. Thus, the widespread use of 3D printing would enable
industries to incorporate the tenets of Industry 4.0 [13].

To wrap it up, 3D printing technology has evolved in contemporary era as a malleable and vigorous
approach in advanced manufacturing firms. This technique has been disseminated and deployed in
many countries, notably in the manufacturing industry. Therefore, the objective of this paper is to offer
an overview of 3D printing technology: literature, components, generic 3D printing processes, 3D
printing categories, associated materials, benefits, drawbacks, and research gaps.

2. Literature review

There are a number of fascinating potential novel 3D printing research works carried out in the last
decades (during the period from 2014 to 2023). Some of those attempted to fabricate objects by
incorporating gravity force; nevertheless, some of those tried to build a 3D printer free of gravity force
for future manufacturing in space environment as mankind’s possible habitats might be space in the
future. Besides, some researches have been attempted to conduct biodegradable materials in 3D printing
on the earth to keep this planet livable by reducing soil pollution. In this literature review, the outline is
constructed as follows: glass 3D printing and including gravity force along it; gravity-free 3D printing;
and incorporating biodegradable materials in 3D printing.

To begin with Luo et al.’s study in 2014, the purpose of that research was to explore the application of
Selective Laser Melting for depositing glass structures. The study's methodology includes irradiating
glass powder with a carbon-dioxide laser beam to generate particles, scanning the powder bed to form
continuous lines, and creating glass walls gradually. Experimental and numerical modeling studies
demonstrated that the absorptivity of the glass powder stayed practically constant with shifting process
parameters. The significance of that research was to illustrate the potential of Selective Laser Melting
for creating transparent glass objects [14].

Another analogous investigation was carried performed by Fateri et al. in the following year 2015. That
experimental investigation also used Selective Laser Melting for soda-lime glass powder. The process
factors were examined using several test geometries, and a collection of optimum process parameters
was developed and used to manufacture numerous objects. The morphological and mechanical
characteristics of the manufactured pieces were also evaluated. The results revealed the feasibility of
Selective Laser Melting method to successfully manufacture components from soda-lime glass powder
for many purposes [15].

Although items made of glass could be created via a 3D printer, gravity force was not employed to feed
the glass during 3D printing until 2015. In that year, Klein et al. presented a study piece in 2015 in order
to portray optically transparent items that were generated using a 3D printer. A novel printing technique
— gravity-fed glass 3D printing — was implemented in that research. One of the major aims of that
research was to integrate 3D printing technologies with the creation of glass products with acceptable
optical qualities. It was determined that light transmission had very little distortion due to a generally
high degree of uniformity and strong adhesion between layers. It was also noted that if the roughness
of layer surface was kept, it would permit light refraction and scattering, as well as the fabrication of
very convoluted caustic patterns. As a result, the observed behavior gave fresh insights on light
regulation and extra optical features for the printed items. Moreover, it was also discovered that samples
printed in the heated chamber exhibited improved mechanical properties over those printed at ambient
temperature. That new 3D printing technology offered glass production the freedom to find a full variety
of unique uses in numerous sectors, such as art, architecture, and product design. However, there were
some downsides. Firstly, gravity as a feed mechanism necessitated regular refilling of the crucible,
which was needed to maintain the glass level nearly constant. That refilling process was accomplished
manually by observing with the assistance of the naked eye. Therefore, that procedure altered the overall
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quality of the print. Secondly, the relatively moderate pressure drop was created by the gravity-fed
system, which limited the printing speed and resolution [16].

Hence, the aforementioned breakthrough gravity-fed glass 3D printing method unveiled new
possibilities in creating parts for scientific equipment, construction components, and art pieces. As a
result, there is more interest in additional research to expand our understanding of nozzle design, high-
temperature printer design, key process parameters, fluid flow modeling, and the constraints of the
printed specimens. However, the melting temperature of glass is extraordinarily high (>1000°C); hence,
the tools and procedures utilized for it are not only costly but also advanced. To tranquillize these
challenges, Leung came up with a panacea in 2017: sugar 3D printing instead of glass 3D printing.
Because sugar's (a blend of sugar and corn syrup) melting temperature (between 100 and 150°C) is
quite low, it decreases pertinent hazards, costs, and knotty procedures. Moreover, another benefit of
utilizing sugar is that the residual sugar in the reservoir and nozzle can be cleaned simply with water,
allowing the nozzle and reservoir to be reused repeatedly in the lab. Further, both sugar and glass have
several comparable properties: optical transparency, temperature-viscosity connection, solidification,
and solid state at ambient temperature. So, sugar may be integrated in the lab as an equivalent material
for investigating glass 3D printing and other molten material-fed 3D printing. Additionally, by doing
sugar, numerous process factors may be explored, such as layer height, nozzle design, printing speed,
multicolor material input, and so on. After producing items by utilizing a sugar 3D printer, it could be
concluded that the produced object displayed complicated caustic patterns analogous to those observed
in glass [17]. Therefore, sugar 3D printing may be employed for gravity-feeding 3D printing research
purposes.

On the contrary, Wang et al. published very interesting anti-gravitational 3D printing research in 2017
that was undertaken to overcome the restrictions provided by gravity in conventional techniques. By
integrating a magnetic platform and inserting polycaprolactone-bonded Neodymium Iron Boron (Nd-
Fe-B) powder material into the printing filament in a Fused Deposition Modeling method, the research
attempted to achieve printing independence of gravity. This revolutionary methodology opens up new
possibilities for 3D printing applications in settings where typical gravity-dependent technologies may
not be possible, such as in outer space or moving vehicles. In the research, the impacts of Nd-Fe-B
concentration, printing angle, and magnetic flux density on magnetic, mechanical, and thermal
characteristics were examined. Eventually, the findings of the produced components demonstrated
improvements in tensile strength, magnetic characteristics, and thermal conductivity with the presence
of magnetic force during 3D printing. This unigue method broadens the application scenario for Fused
Deposition Modeling 3D printing, bringing potential advantages for numerous sectors [18].

In addition to the immediately stated study above, another work carried out by Gu et al. extended that
anti-gravitational 3D printing to the next stage in 2019. The research attempted to investigate how
severe gravity and pressure circumstances may impact the Laser Metal Deposition process and the
quality of metal components produced in space scenarios. A three-dimensional transient model was
constructed using Gambit, and subsequently, Ansys Fluent software was utilized for Computational
Fluid Dynamics simulation. Afterwards, the model was inserted into Ansys Fluent, a pressure-velocity
coupling approach was employed to solve the equations that govern boundary constraints. It was shown
that gravity had a considerable influence on the final deposition outcomes, particularly at non-flat areas
on earth, resulting in dripping-shaped depositions owing to gravitational forces influencing the melt
pool development. To acquire insides relevant to gravity, the gravity value was progressively dropped
from 1g to nil g for the examination of future space applications. The simulation findings revealed that
surface tension would rule the melt pool kinematics when gravity was lowered to empty or almost
empty. The deposition anomaly seemed to be more obvious as the gravity value declined. When
reducing the gravity from 2g to nil g, the contact angle would rise, but the aspect ratio would fall.
Without gravity, the metal in liquid state would have the ability to form a sphere with an enhanced
contact angle under the effect of a poor aspect ratio and a large melt pool volume and surface area,
resulting in the inconsistency of the deposition becoming more noticeable. Moreover, the influence of
pressure on deposition synthesis was explored for the hypothetical process environment in a space
atmosphere with a lower pressure magnitude. It was observed that the vaporization temperature of
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material will drop with a fall in ambient pressure. It was also noticed that more vapor would be formed
with a lower boiling point in a reduced-pressure environment, and as a consequence, less material would
be deposited on the substrate. In order to alleviate the impact of reduced pressure on the method of
deposition and to diminish vapor generation, it was recommended that lower laser power and/or higher
scanning speeds ought to be employed to mitigate the melt pool temperature and hinder the material
from vaporizing after achieving the melting point [19]. Overall, that research sheds light on the need to
incorporate gravity and pressure effects into the Laser Metal Deposition processes for space
applications and provides the framework for additional developments in 3D printing technologies for
space exploration.

It can be inferred that the severe environment in space, for instance, microgravity, would modify the
printing mechanisms dramatically compared with those on the earth, which will hamper the application
of 3D printing in space. Therefore, another effort was begun in 2020 by Huang et al. to create a
technology for Metal Droplet Deposition manufacturing in space by exploiting an anti-gravity electric
field to regulate the trajectory of droplets for precision deposition on a vertical substrate. Metal droplet-
based 3D printing was chosen because it is a potential approach for metal 3D printing in space due to
its vast advantages, such as wide material applications (tin solder, copper, aluminum, and gold) and the
capacity to produce complicated microstructures. In that work, a droplet horizontal generator (ejection
setup) was employed to create and charge metal droplets. With the help of the generator, droplets were
ejected horizontally and manipulated using charging and deflection voltages in an electric field. In order
to expel droplets properly, computerized numerical control files were applied for deposition routes and
coordinate control. Before printing, computer aided design models were first translated into
stereolithography (STL) format model data. Then, the model was read into slicing software (custom-
designed) and split into a sequence of parallel layers with a particular layer thickness. Meanwhile, the
solid portions of a layer were filled by droplet-deposited routes. Finally, the droplet generator
discharged droplets, and the deposition platform moved simultaneously under the supervision of the
CNC file. As a result, a metal part with the necessary geometry was manufactured. Moreover, a flight
trajectory model was built to study the droplet motion process, which demonstrated that the flight-
controllable zone of the droplet was located in the top half of the electric field. It was concluded that
under the control of the anti-gravity electrical field, droplets could precisely form on the desired vertical
substrate and solidify into the norm morphologies even after struggling an extensive flying travel
distance, which suggested the effectiveness of suppressing the gravity effects on the droplet deposition.
It paved the groundwork for an applicable 3D printing approach in space. That work was pioneering for
droplet-based space manufacturing [20].

It is known that the moon is the earth's only natural satellite. Therefore, when mankind will commence
colonizing space, the moon may become the first extraterritorial dwelling. So, 3D printing under lunar
gravity seems to be very engrossing, for which the manufacturing of habitats, spare components, tools,
and other infrastructure is mandatory. While commercial manufacturing methods are already well
engineered under normative circumstances — gravity and atmosphere—on earth, 3D printing under
lunar gravitational settings has only been studied to a very limited extent. Thereby, in 2021, Reitz et al.
[21] investigated the feasibility of 3D printing under lunar gravity and microgravity circumstances,
specifically focusing on the selective melting of regolith simulants (these are synthetic lunar soils [22])
using a laser-based process. That pioneering 3D printing study in light of lunar gravity showcased
consistent results in sample geometry, mass, and porosity across different gravitational conditions. That
research was possible because the Einstein-Elevator — the drop tower of the next generation, based at
the Hannover Institute of Technology of the Leibniz University Hannover, enables experimentation
under adjustable gravity conditions for more effective space research on earth [23] [24] — provided a
new capability to conduct experiments in customizable gravitational conditions, together with the
required infrastructure and accessibility to modify these scenarios at a low expense [21].

Apart from unearthing the potential of 3D printing in space settings for future possible habitats and
manufacturing solutions, it is also required to look forward to its use in environmentally friendly ways
on earth, such as incorporating biodegradable materials — materials which are designed to deteriorate
upon disposal by the activity of living organisms [25] — in order to diminish the earth's soil pollution.
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Catana and Mazurchevici observed that to attenuate the influence of human’s pollution activities on the
environment, biodegradable materials are viable alternatives to petrochemical-derived materials.
Because biodegradable materials have vital functions in preserving the planet by lessening the use of
petroleum-based raw resources and dwindled carbon dioxide emissions. In addition to biodegradability
material solutions, 3D printing provides greater material savings than traditional procedures; hence, 3D
printing can be regarded as a distributed manufacturing technique to escalate sustainability and the
circular economy worldwide [26]. Furthermore, recycling is an essential theme brought up by the
European Union with the circular economy plan for both the environment and the economy [27].
In 2018, Zeidler et al. showed an approach of 3D printing by employing renewable biobased materials,
with a focus on appropriate packaging for delicate components. Waste materials were used in that
research that had no other usage besides burning or energy. Those waste materials were locally available
materials with little or no transportation need and an inexpensive cost. Such materials were wood flour,
miscanthus particles, fruit stone flour, rice husk, and seashell powder. Those components were
converted into powder, and a binder was also added to stabilize the powder particles. To adapt the
material properly, sifting and sizing were undertaken until the distribution curves agreed well with those
of norm 3D printing. It was found that by mixing powder material and binder, mechanical properties
may be widely modified. From that study, it was proven that 3D printing has applicability using
renewable resources [28].

To robust the use of biodegradable materials, research was needed to come with a competitor of
petroleum-based materials. In 2020, McLaughlin et al. carried out research with such a competitor
namely polylactic acid. In that research, polylactic acid was combined with wood flour into several
matrices to examine the particle species (maple and pine), size effect, and concentration (wood flour
guantity) in the biopolymer and component 3D printing performance. Mechanical, thermal, and
structural characteristics were evaluated for the diverse matrices generated in that research. Results
indicated the possibility of employing wood floor as an addition to improve bioplastics, maintain
sustainability characteristics, and modify the biopolymer to be appropriate for 3D printing [29].

Hence, biodegradable materials could be employed for making 3D printing products, therefore, it was
time to optimize the 3D printing machine’s parameters — such as printing speed, nozzle temperature,
platform temperature, and layer thickness — to let the 3D printing machine provide high-performance
for biodegradable materials. Because most of the 3D printers’ parameters are optimized for non-
biodegradable materials. It was the aim of Lyu et al.’s study conducted in 2021. Another purpose was
to examine the mechanical characteristics and responses of biodegradable polymer products created by
Fused Deposition Modeling. It was revealed that the ideal 3D printing goods had the lowest porosity
and the best interlayer adhesion. Furthermore, the yield strength and elongation at break of samples
were also raised. This study presented a novel way for increasing the interlayer adhesion of Fused
Deposition Modeling and the mechanical qualities of Fused Deposition Modeling products [30].
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Roadmap of 3D printing technology
during the period from 2014 to 2023.
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Fig. 1: roadmap of 3D printing technology during the period from 2014 to 2023.

To summarize, in the last decade (2014-2023), there were so many studies carried out for various
purposes. Fig. 1 illustrates that some works made use of glass as a 3D printing material; some studies
tried to incorporate gravity force for material feeding; some research was conducted to get a gravity-
free 3D printing solution; and eventually, some studies attempted to come up with a biodegradable 3D
printing material. Table 1 depicts this summary.

Table 1: The summary of literature review.

Author Objective Outcome Highlight
Luo et al. [14] To explore the The absorptivity of the Creation of transparent
application of glass powder stayed glass objects by 3D
Selective Laser practically constant printing.

Melting (SLM) for
depositing glass
structures.

with shifting process
parameters.

Fateri et al. [15]

Attempted to use soda-
lime glass powder.

Soda-lime glass
powder was feasible
for Selective Laser
Melting method.

Successfully use of
soda-lime glass
powder as the 3D
printing material.

Klein et al. [16]

To integrate 3D
printing technologies
with the creation of
glass components with
acceptable optical
qualities.

Light transmission had
very little distortion.

Gravity force was
employed to feed the
molten glass during
3D printing.
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Leung [17]

To find out a solution
for studying glass like
materials with low
costs and minimum
associated hazard.

The produced object
by using sugar
displayed complicated
caustic patterns
analogous to those
observed in glass.

Conducting sugar
material as an
analogous material to
glass.

Wang et al. [18]

To overcome the
restrictions provided
by gravity in
conventional 3D
printing techniques.

The findings of the
produced components
via anti gravitational
3D printing
demonstrated
improvements in
tensile strength,
magnetic
characteristics, and
thermal conductivity.

Anti-gravitational 3D
printing.

Guetal. [19]

Attempted to
investigate how severe
gravity and pressure
circumstances may
impact the Laser Metal
Deposition process
and the quality of
metal components
produced in space
scenarios.

Findings revealed that
surface tension would
rule the melt pool
kinematics when
gravity was decreased
to zero or about nil.
Additionally, without
gravity, the irregularity
of the deposition
would become more
noticeable.

Not only gravity but
also pressure
circumstances were
considered for future
space 3D printing.

Huang et al. [20]

To create a technology
for Metal Droplet
Deposition
manufacturing in
space by exploiting an
anti-gravity electrical
field to regulate the
trajectory of droplets
for precision
deposition on a
vertical substrate.

Under the control of
the anti-gravity
electrical field,
droplets could

precisely deposit on

the desired vertical
substrate and solidify
into standard
morphologies even
after struggling a
extensive flying travel
distance.

That work was
pioneering for droplet-
based space
manufacturing.

Reitz et al. [21]

To investigate the
feasibility of 3D
printing under lunar
gravity and
microgravity
circumstances.

Found consistent
results in sample
geometry, mass, and
porosity across
different gravitational
conditions.

3D printing under
lunar gravity was
scrutinized. The usage
of Einstein-Elevator
was also included.
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Zeidler et al. [28] To conduct 3D By mixing Different waste
printing by employing  biodegradable powder  materials were used as
renewable biobased materials and binder, 3D printable materials.
materials. mechanical properties  From that study, it was
may be widely proven that 3D
modified. printing has
applicability using
renewable resource.
McLaughlin et al. [29]  To investigate several By employing wood One of the important

factors when bioplastic
of polylactic acid was
combined with wood
flour.

flour as an addition to
polylactic acid to
improve bioplastics,
maintain sustainability
characteristics.

bioplastic material’s
characteristics was
unearthing.

Lyu et al. [30]

To optimize the 3D
printing parameters.

It was found that the
optimal 3D printing
products had the
minimum porosity and
the greatest interlayer
adhesion.

Provided a new
method for enhancing
the mechanical
properties and the
interlayer adhesion of
3D printed products.

3. Common components of the 3D printing machine

There are several common components that most 3D printing machines have, for instance, a nozzle,
stepper motor, sensor, controller, power supply, display, and frame.

3.1 Nozzle or printer head

A nozzle is an important part for most of the 3D printers [31], from where molten material pours out in
order to produce the continuous layers. The nozzle must be selected accordingly to the kind of material
to be printed [32]. The larger the nozzle, the more mass and surface area available for transmitting heat
to the filament enabling the process effective [33]. However, it may compromise accuracy.

3.2 Stepper motors

As the name indicates stepper motor travels one step at a time, in contrast to that of conventional motors,
which rotates constantly. The stepper motor travels in particular number of steps as per the instruction
supplied by the user according to the necessity [32] [34]. The motor spins in an incremental fashion that
has number of pauses and stages [32]. Stepper motors are extremely vital elements for every 3D printer
[31] [33], since it aids for controlling the nozzle’s position. In other words, all three axis X, Y, and Z
need three distinct stepper motors. Additionally, this motor is important for advancing the feeding
materials for various 3D printers.

3.3 Sensors
Sensors are responsible for sensing different matrix like pressure, humidity, velocity, weight, and
temperature [33]. Sensors send and receive feedback from the controller for a particular action.

3.4 Controller

The controller board is the 3D printer's brain. This board is in charge of the electronic operations of a
3D printer. The printer could not be capable of performing anything without the controller board;
consequently, it is the most critical component of a 3D printer [33].
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3.5 Power supply

It consists of a series of transformers, which lowers down the voltage to 12 or 24 volt DC
correspondingly [33] [34]. The rated voltage: 110V @60Hz and 240V @50Hz AC for most of the 3D
printing machine [33].

3.6 Display
As the name implies, it is used to show output.
It is utilized to show the time required for printing, the left-over time for printing, and the

speed of the fan [33].

3.7 Frame
A frame is a mechanical element which is composed of a steel or any other appropriate material for a
stiff framework to retain the components [31] [33] [34]

4. The generic 3D printing process
From the CAD model to the actual part, 3D printing technology needs many steps to accomplish: CAD,

STL convert, file transfer to machine, machine setup, build, remove, post-process, and application [35]
[36] [37] [38] [39]. These steps are illustrated in Fig. 2.

CAD File transfer Machine | Post- -
i ; Remove Application
modelling to machine setup process

Fig. 2: The generic 3D printing process.

Firstly, all components must commence with a software model that completely represents the external
geometry. This can entail the usage of practically any professional CAD modeling. Secondly, almost
every 3D printing machine supports the STL file format, which is considered a norm, and almost every
CAD system can export output that STL file format. This file represents the external closed surfaces of
the original CAD model and is the foundation for calculation of the slices, software, but the output
needs to be a 3D solid or surface representation. Thirdly, the STL file illustrating the part should be
transmitted to the 3D printing equipment. Here, there might be few general processing of the file so that
it is the correct position, size, and orientation for building. Fourthly, the 3D printing machine should be
correctly set up before to the build process. Such settings pertain to the build factors such the layer
thickness, the material restrictions, timings, energy source, etc. Fifthly, building the part is primarily an
automated operation and the machine can mostly operate on with no supervision. Only cursory
monitoring of the machine may require to take place at this period to ensure no problems have taken
place including software glitches, running out of material, or power, etc. Sixthly, once the 3D printing
machine finished its creation, the parts ought to be removed. It might need contact with the machine,
there might be safety interlocks in place to check certain conditions, such as the operating temperatures
are suitably low or there are no actively parts that are rotating. Seventhly, Once separated from the
machine, pieces may require some amount of extra cleaning up before they are suitable for use. Parts
may be weak at this point or they may have supporting features that must be eliminated. Eventually,
pieces at this stage might be ready to use. Nevertheless, they might need further processing before they
are deemed suitable for use. For example, they might need priming and painting to offer a satisfactory
outermost layer’s texture and finish. Treatments could be tedious and lengthy if the terminating
standards are particularly exacting. They may also be needed to be joined together with other
mechanical components to make a desired model or product [35] [36] [38] [39].

5. Classification of 3D printing and corresponding materials

There are so many kinds of 3D printing approaches available in this contemporary era, which results in
the classification of 3D printing methods in order to comprehend them better. There are a number of
systems for classifying 3D printing processes, such as the one proposed by the American Society for
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Testing and Materials (ASTM) F42 Committee, which divides the 3D printing into seven broad
categories: Powder Bed Fusion, Directed Energy Deposition, Material Extrusion, Vat
Photopolymerization, Binder Jetting, Material Jetting, and Sheet Lamination [1] [36] [37] [38] [39] [40]
[41] [42][43]. On the other hand, 3D printing techniques are classified into four types depending on the
beginning material used: liquid, filament/paste, powder, and solid sheet [40] [44]. In this article, the
ASTM Committee’s seven categories are described below.

5.1 Powder Bed Fusion

Powder Bed Fusion techniques make use either an electron beam or laser source to liquefy and bond
material powder together [1] [35] [36]. In other words, thermal energy deliberately combines certain
areas of a powder bed by fusing [36]. It entails the dispersion of the powdered substance onto existing
layers. There are many materials can be used in this particular area of 3D printing such as metals [1]
[36], polymers [1] [36], ceramics [1], and composite [1]. This Powder Bed Fusion approach has some
merits and demerits. High resolution and good quality 3D printing can be achievable by this way
although it is slow and expensive technique [45]. Several particular types of 3D printing fall under this
category, including Electron Beam Melting [1] [36] [39], Direct Metal Laser Sintering [36], Selective
Laser Sintering [1] [36] [39], Selective Laser Melting [35] [36] [39], and Selective Heat Sintering [1]
[36].

5.2 Directed Energy Deposition

Directed Energy Deposition includes applying concentrated thermal energy to fuse materials by melting
them while they are being physically deposited. This procedure provides for fine control over the
deposition of materials, allowing complicated shapes to be created. A typical Directed Energy
Deposition machine consists of a nozzle positioned on a multiple-axis arm, which distributes molten
material onto the desired surface, where it solidifies. The nozzle may travel in numerous directions and
is not fixed to a certain axis. The material, which can be formed from any angle due to 4 and 5 axis
machines, melting occurs upon deposition using an electron or laser beam [36]. This method may be
utilized with polymers and ceramics, but it is commonly employed with metals in the form of either
powder or wire [1] [36]. While powder is more exact owing to the nature of no preformed shape, wire
is more material efficient [35] [36]. There are some benefits and drawbacks of this category’s 3D
printing. This process needs relatively low cost and less time, but it has low accuracy, poor surface
finish, limitation for complex shape printing [45]. Laser Metal Deposition [36], Laser Engineered Net
Shape [36], Laser Beam Additive Manufacturing [39] are the example of Directed Energy Deposition
3D printing.

5.3 Material Extrusion

Material Extrusion involves purposefully distributing material via a nozzle or aperture to build up
layers. To put it another way, this technique is analogous to 3D printing, where material is extruded and
placed layer by layer to construct parts [36] In this technique, the material is introduced via a nozzle at
constant pressure and in an uninterrupted flow. This pressure must be maintained stable and at a constant
pace to ensure precise findings [35]. Polymers [1] [36] — notably popular for ABS plastic — may be
utilized for material extrusion 3D printing [36]. Material Extrusion method has some advantages and
disadvantages. It is cost effective and time efficient while outcomes of finished parts have poor
mechanical properties [45]. Both Fused Deposition Modelling [36] [39] and Liquid Deposition
Modelling [37] are most prevalent forms of Material Extrusion 3D printing.

5.4 Vat Photopolymerization

Vat Photopolymerization employs a vat of liquid photopolymer resin, out of which the finished piece
is created layer by layer. An ultraviolet (UV) light is applied to cure or harden the resin where necessary,
whereas a platform slides the item being created downwards after each successive layer is formed. As
the procedure employs liquid to construct items, there is no support for structure from the material
throughout the process of building [36]. In this Vat Photopolymerization technique, resins are cured via
a process of photopolymerization [35] or UV light [46], where the light is focused over the surface of
the resin with the aid of motor-controlled mirrors. Where the resin comes in touch with the light, it dries
or solidifies. Only photopolymers materials [46] are suited for this VVat Photopolymerization. There are
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some positive and negative outcomes related to this technique. Vat Photopolymerization is unique for
its high resolution and premium-quality results. But very few materials can be employed for this process
[45]. Both Stereo Lithography and Digital Light Processing are Vat Photopolymerization sorts of 3D
printing [36].

5.5 Binder Jetting

The Binder Jetting technigue involves two ingredients: a powder-based substance and a binder. The
binder serves as glue between powder layers. The binder is normally in liquid form, and the construction
material is in powder form. A print head rotates horizontally along the x and y axes of the machine and
deposits successive layers of the construction material and the binding substance. After each layer, the
item being manufactured is lowered onto its construction platform. This kind of 3D printing enables
color printing and employs polymers, ceramics (foundry sand), and metals [36]. There are some pros
and cons of this process. It is a quick, simple and cheap technique; nevertheless, resulted items can be
undergone shrinkage without infiltration [45]. Both Powder Bed-Inkjet Head and Plaster-Based 3D
Printing are under this Blinder Jetting category [36].

5.6 Material Jetting

In the Material Jetting category, material is jetted onto the construction surface or platform, where it
hardens and the model is produced layer by layer. In other words, droplets are generated and positioned
on the build surface in order to construct the item being printed, with subsequent droplets added to
additional layers until the full thing has been built. In this style of 3D printing, material is deposited
from a nozzle that travels horizontally over the build platform. The material accumulations are then
dried or solidified using ultraviolet radiation. In the Material Jetting technology, not only polymers are
included but also waxes may be employed [36]. This technique has also good and bad sides. Material
Jetting is a quick 3D printing technique for colorful 3D creation; however, it suffers from exact color
accuracy and uneven circumstances [47]. Multi-Jet Modeling [36] and Drop on Demand [39] are the
instances of Material Jetting 3D printing.

5.7 Sheet Lamination

When sheets of material are combined to make an item, such a method might be termed the Sheet
Lamination process. In this procedure, two sheets are joined together constantly until the required object
is constructed by either ultrasonic welding (for metals) or adhesive (for paper). Both paper and metal
are viable for this 3D printing category [36]. Sheet Lamination has some upsides and downsides. It
provides opportunities for generating larger parts; however, it has low consistency of the surface and
dimensional precision [45]. Laminated Object Manufacturing and Ultrasonic Additive Manufacturing
are under Sheet Lamination Process [1] [36].
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Fig. 3: Seven categories of 3D printing, corresponding materials, and 3D printing types.

Fig. 3 depicts all seven categories of 3D printing suggested by the ASTM F42 Committee. These seven
categories have a blue color in the figure for visual purposes. Additionally, corresponding usable
materials for each broad group are shown in red. Moreover, the types of 3D printing under each major
category are also demonstrated by the purple color.

Furthermore, in light of the aforementioned description, it can be stated that different types of 3D
printing processes require different materials. Among them, first and foremost, polymers are the most
extensively utilized material in 3D printing manufacture. Most notably, nylon is a very extensively used
polymer because it melts and binds better than other polymers [36]. Secondly, metals are another
extensively utilized material for 3D printing. These metal materials include aluminum alloys [48],
cobalt-based alloys [49] nickel-based alloys [50], stainless steels [51], and titanium alloys [52] [53] for
3D printing. Thirdly, 3D printing technology is capable of creating 3D printed item by employing
ceramics and concrete without major pores or any fractures by optimization of the parameters and
establish the excellent mechanical characteristics. Ceramic is robust, durable and fire resistant. By virtue
of its fluid condition before setting, ceramics may be employed in nearly any geometry and form and
particularly suited on the production of future structure and building [1]. Eventually, composites, as
their name implies, are materials that are mixtures of two or more materials, either naturally (in nature)
or created, that can be utilized for 3D printing [36] Composite materials with their extraordinary
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adaptability, lightweight, and tailorable features have been transforming high-performance industry
sectors. Examples of composite materials include carbon fiber-reinforced polymer composites [54] and
glass fiber-reinforced polymer composites [55]. Carbon fiber-reinforced plastic composite structures
have high strength, specific stiffness, outstanding resistance to corrosion, and excellent fatigue
performance [54]. At the same time, glass fiber-reinforced polymer composites are extensively
employed for many purposes in 3D printing applications [55] and have tremendous prospective
applications owing to their cost efficiency and high performance [56]. Fiberglass has a strong thermal
conductivity and a relatively low coefficient of thermal expansion. Furthermore, fiberglass cannot ignite
and is not influenced by the curing temperatures used in production procedures, thus, it is extremely
ideal for use in the 3D printing industry [56]. The innovation or incorporation of novel technologies
and materials will dominate the foreseeable future of 3D printing, and there is no doubt that 3D printing
will have a prosperous future [57].

6. Advantage of 3D printing technology

There are plenty of benefits to using 3D printing technology over conventional manufacturing:
sophisticated parts fabricating; reducing processes and resources; minimizing the weight of the parts;
feasible to redesign parts; cutting toolless manufacturing; waste reduction; and eco-friendly production
possibility.

Generally, knotty geometrical shapes are difficult to fabricate by conventional manufacturing process.
However, the convoluted design components can be manufactured by means of 3D printers. Therefore,
3D printing gives the freedom of part design with full of complexity [58] [59] [60] [61] [62] [63] .
Moreover, traditional manufacturing procedures would demand many iterative stages to be carried out
like casting, rolling, forging, machining, drilling, welding, and so on, depending on the complexity of
the objects. As you integrate more functions into a design, the number of these stages may expand
rapidly. However, the number of processes and resources required might be greatly decreased when
employing 3D printing [35]. Further, by being capable of printing a piece that is vacuous and has a
thinner outer shell, which includes interior lattice structures instead of solid material all through, this
drastically abates the quantity of material, weight, and build time [9]. So, 3D printing has the feature to
build light weighting parts [58]. Besides, even a very small adjustment in the design could result in a
large increase in the time required to manufacture using conventional methods [24]. In contrast, it is
also feasible to redesign parts utilizing component optimization approaches; this permits the structure
to be improved with a suitable durability to the cost ratio [9]. In addition, it has the potentiality to
elimination of tolling [58]. Because it is an additive manufacturing process which does not require a
cutting tool to subtract materials like conventional manufacturing process. Additionally, the wastage of
materials can be annihilated by 3D printing method [64] because there is approximately no material
waste during this process. Since, there is nearly no waste production during the object creation, it is an
eco-friendly approach [61] [62]. All of these benefits are illustrated in Fig. 4 by a cause-and-effect
diagram.
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Fig. 4: Cause and effect diagram for demonstrating merits of the 3D printing technology.

7. Disadvantage of 3D printing technology

At the same time, there are several disadvantages to the adoption of 3D printing technology in the
manufacturing industry. These limitations hamper the use of 3D printing technology as a replacement
for conventional manufacturing.

For instance, the use of 3D printing technology will lead to a decrease in the need for manual labor in
manufacturing. Consequently, this will have a significant impact on the economies of nations that
heavily depend on a substantial workforce engaged in low-skilled employment [1]. Moreover, using 3D
printing technology, individuals have the capability to fabricate a broad range of perilous objects [1]
[65] including knives [1]. Hence, the utilization of 3D printing needs to be restricted exclusively to
certain individuals in order to assuage undesirable actions [1]. In addition, anybody who gets a blueprint
will have the ability to effortlessly produce counterfeit items. Because the simplicity of 3D printing
technology lies in the process of drawing and inputting data into the machine, which then generates 3D
things [1]. Furthermore, the capabilities of 3D printing technology are restricted in terms of the range
of materials that can be used and the size of objects that can be built. Only a small number of materials
can be processed and used to create the final goods [60] [62] [66] [67]. The 3D printer imposes
significant constraints on the size of the object being built, such as limitations on the printing bed
dimensions [62] [68] [69]. In some cases, certain components may require printing support during the
3D printing process, which necessitates cleaning after the printing operation has been completed. An
important drawback of post-processing is the requirement for time-consuming tasks, which may lead to
an increase in both production time and expense [57]. Apart from them, it is viable for low volume
production compared to traditional manufacturing [62] [70]. Traditional manufacturing procedures, for
instance, injection molding and compression molding, still dominate mass production [70]. It may be
realized that the lack of repeatability [60] is one of the main challenges connected with 3D printing,
owing to the tiny degree of accuracy involved in varying repeatability while making consecutive batches
of identical components. In addition, the quality of surface finishing on the 3D-printed items is not
satisfactory enough due to layer-by-layer fabrication [71] [72]. This layer-by-layer production gives the
components lower strength, precision, and gloss on the surface [58] [59]. All of these drawbacks are
presented in Fig. 4 by a cause-and-effect diagram.
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8. Research gaps and potential future works

1. Inthe work of Klein et al., gravity feed glass 3D printing was a need for regular recharging of
the crucible, and it was executed manually [16], therefore an automated recharging way can be
carried out in future work to get the better quality of output.

2. Furthermore, in light of Klein et al.’s study, it might be attempted to enhance the pressure of
molten glass beside gravity feeding for higher printing speed and resolution in the forthcoming
research.

3. Apart from Leung et al.’s work, additional empirical investigations are required to understand
the factors in the sugar recipe that influence the viscosity and perhaps adjust the composition
for a greater cooling rate and printing speed[17].

4. The printed sugar objects were particularly hygroscopic in Leung et al.’s examination. In the
presence of humid air, the outermost layer turned sticky within hours and might even
disintegrate in the moisture it absorbs. Thus, future studies may look at the use of an anti-
inflammatory agent to decrease this undesired impact [17].

5. Itis interesting to see the usage of such kinds of novel biodegradable materials by 3D printing
in the forthcoming study, which materials will have durability for an acceptable product life.

6. As Current 3D printers can create dangerous items if the corresponding CAD file is given to
them [1], thus, an artificial intelligent could be integrated on the 3D printing machine’s built-
in operation system software.

7. To support the Gu et al.’s study, future research could focus on further refining the
computational models to account for additional complexities in the Laser Metal Deposition
process under extreme gravity and pressure conditions. As that study was based on
Computation Fluid Dynamics simulation instead of actual experiment in the space, therefore,
more supporting cross studies are needed in order to validate the proposition.

8. Inadditionto Huang et al.'s study on Metal Droplet Deposition fabrication using an anti-gravity
electric field, more research is needed to examine optimal deposition parameter configurations,
improve surface roughness of fabricated components, and eradicate porosity content under
vacuum and microgravity [20]

9. 3D printing technology has lack of repeatability [60], so future research may focus to come out
with a feature for repeatability. So that identical parts can be made.
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9. Conclusion

Remarkable advancements have been witnessed in the domain of 3D printing technology during the
past few years. From the literature review of the last decade, it can be noticed that many novel research
studies pertinent to 3D printing techniques have been conducted for using glass materials, incorporating
gravity force to feed the printing materials, unearthing the independence of gravity, ignoring
atmosphere pressure for future manufacturing in space, and employing biodegradable materials for
environmentally friendly production.

There are some common modules for the 3D printing machine, and there are eight generic steps
involved in the printing process. Moreover, 3D printing methods can be classified into seven broad
categories, each with corresponding materials. Additionally, albeit there are some advantages to this 3D
printing technique, several considerable disadvantages also exist. Therefore, to apply 3D printing
technology more widely, many significant future research projects are essential.
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