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The development of new materials and processing
methods has always been a core driver in the
manufacturing industry. For decades, researchers
have been mapping the relationships among
composition, processing method, structure,
properties, and performance for newly developed
materials through time- and labour-intensive trial-
and-error experiments. The typical cycle from
material discovery to deployment ranges from 10 to
20 years. In order to accelerate the development
process for new materials, material informatics
strategies with data centric approaches are now
increasingly being used - 2. This is facilitated
through the development of high-throughput

computational and combinatorial experiments. Data
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analytics is one of the key enablers for accelerating
material discovery and processing. The rapid
advancement of data infrastructures and machine
learning solutions in recent years is supporting this
drive, and is resulting in a paradigm shift in
materials science research and development.
Materials informatics can generate “inverse models”
for optimization and design, and can also produce
“forward models” for predictive analytics 2.

In addition to the emergence of materials
informatics, the manufacturing sector is evolving
towards digital manufacturing, with the
manufacturing and assembly sectors increasingly
relying on digital design and robotics technology to

control the manufacturing processes. Moreover, new
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materials (alloys, hybrid and composite materials)
that have far superior properties to traditional
materials, are emerging and changing the
manufacturing landscape. These new materials will
be integrated into components and manufacturing
processes to generate new designs and improve
component performance. This will give rise to new
application opportunities and deliver added value to
new fabrication and assembly methods.

With the advancement of manufacturing technology
and the emergence of digital manufacturing systems,
material morphology, composition and structure can
now be digitally controlled. This allows users to
manufacture freeform multi-material components and
tailor their performance to provide an increasing
range of functionalities and applications. Additive
manufacturing (AM), also known as 3D printing, is
one such digital manufacturing technique, and
involves a layer-by-layer approach to fabricate
freeform parts. It is also a valuable tool for
materials innovation, and is instrumental in the
transformation of product design and the
manufacturing landscape. The layer-wise fabrication
approach allows complex geometries to be produced,
which is challenging using traditional manufacturing

routes such as subtractive processing (turning,
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milling ete.) or formative processing (casting, forging
etc.). However, some material compositions used in
traditional manufacturing are not suitable for AM,
and modifications are required before they can be
used. Moreover, metal AM parts are subjected to a
complex cyclical thermal history comprising
directional heat extraction, repetitive melting and
very rapid solidification steps during AM fusion-
based processes, resulting in anisotropic,
heterogeneous and fine-grained microstructures.
These AM microstructures differ significantly from
those in products manufactured using traditional
methods #-. Thus, a thorough understanding of the
relationships among processing conditions, structure,
and properties is essential in order to increase the
metal AM adoption rate.

The development of a new generation of alloys
tailored for AM is vital for overcoming the above-
mentioned challenges and for realising the full
potential of AM, tapping into the uniqueness of each
type of AM technology for new material development.
Researchers have used combinatorial material
science to create new alloy compositions with AM
technologies (powder-bed fusion and direct energy
deposition) to design and optimize metallic alloys and

heterogeneous structures 7: 8. High-entropy alloys
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are one class of materials that have greatly benefited
from the emergence of AM, and have recently been
the subject of intensive research ¥ 9. Another class
of materials that has received a great deal of interest
is aluminium alloys. Traditional Al-based alloys (e.g.,
Al2xxx, Al6xxx, Al7xxx alloys) have micro-crack
issues during laser processing, and have to be
compositionally modified to enable printability. HRL
Laboratories and Elementum 3D are currently
offering composite printable aluminium alloys with
superior performance. Even for 3D printable
materials such as iron-based or nickel-based alloys,
the addition of ceramic reinforcements has shown to
produce 3D printable composite materials with

10),

superior properties 1) Many more material

alternatives will appear on the market as AM
adoption gains traction.

It is also worth mentioning that the binder jetting
process is attracting great interest due to its
capability to 3D print highly porous structures using
a wide range of materials (metals, ceramics, polymers
and biomaterials), which is not easily achievable using
fusion-based AM techniques. Mg-based alloys, which
are lightweight and biocompatible, cannot be

effectively processed by fusion-based AM, but have

been successfully printed via binder jetting 12 13)
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targeting implant applications. In addition, the binder
jetting process has increasingly been used to
fabricate sand cores and moulds for casting industrial
parts with complex shapes.

In the past decade, there have been significant
advancements in computer-aided design, AM
technology and materials science. In addition to the
ability to customize material properties, this has
opened up possibilities for developing smart materials
and designs, to achieve outcomes such as self-
assembled structures, self-repairing components and
multi-functional/self-adaptable components. Smart
materials are stimulus-responsive materials that
respond in a programmable way to an external
stimulus (such as temperature, light, humidity, pH,
pressure, and electric and magnetic fields) 14- 19,
This class of materials enabled the emergence of 4D
printing and has potential applications in implantable
biomedical devices, tunable shock-absorbing
interfaces, soft robotics and deployable aerospace
structures. Future materials research should focus on
forming a deeper understanding of how to control the
microstructure, shape, yield and residual stress
during processing, and on broadening the range of
advanced AM materials. This knowledge can then be

used to develop new integrated approaches for AM
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processing of multi-material structures and functionally
graded components.

Besides AM materials and processing developments,
there is a need to look at the entire integrated end-
to-end AM workflow for industrialization. AM is a
digital transformation technology and represents an
ideal opportunity to apply the digital thread concept
to scale operations by linking processes together via
data analysis, from design concept to finished parts.
Using the information obtained, manufacturers can
better assess the quality and performance of products,
and adjust their design accordingly 6.

For the above exciting, multi-disciplinary research
and developmental work to be successfully translated
into industrial applications, close public-private
partnerships need to be forged between various
research entities with different competencies and
industry players. There must be a collective effort to
align problem statements, leverage resource pools
(talent, knowledge and facilities), and increase the
readiness level of technology, manufacturing, business
and the ecosystem, in order to accelerate the
successful and timely commercialization of developed

technologies.
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