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Metals additive manufacturing is a new concept of fabrication that consists of deposit-
ing material layer-by-layer in a very precise and automatized way. This manufacturing
technique, also known as 3D printing, has the advantage of producing complex “cus-
tomized” geometries according to each sector requirements [1].

Additive Manufacturing (AM) can reduce the number of intermediate fabrication
steps in comparison with traditional manufacturing techniques. According to previous
studies, components can be produced up to 80% faster with this technology. In addition,
the fabrication of AM components does not generate waste, and for this reason, the parts
have a lower cost (especially for expensive alloys and materials), and the manufacturing
technique is more sustainable [2].

Large and important transport companies, such as Boeing and Ford, are pioneering
the incorporation of additive manufacturing capabilities. Consequently, many large- and
medium-sized companies have already started using metal AM to achieve a competitive
advantage. In the coming years, it is projected that more industrial SMEs will adopt metal
3D printing to stay in the market. There are several providers in the Spanish market
that offer various solutions for metal fabricators, such as Moebyus Machines, Leon3D or
Triditive, among others. In the last two years, the growing number of suppliers has allowed
the SMEs industry to invest in this technology since the benefits of AM are evident [3].

Advantages of additive manufacturing [4]:

- Time to market: Additive manufacturing allows projects to be developed faster than
ever before. Printing a 3D design the same day that it is created reduces the develop-
ment process that could take days or even months.

- Save cost: Injection molding machines for prototyping and its production processes
are large investments. The AM process enables the creation of parts at a lower cost
than traditional machining.

- Mitigate risk: This is the ability to verify a design before investing in a molding
machine. It is much cheaper to 3D print a prototype than to redesign or modify an
existing mold.

- Flexibility and creativity: This is the ability to develop ideas and quickly discover
what is not working. This accelerates the R&D process and leads to an ideal solution.
AM also allows an engineer or “product manager” to make rapid advances in the
initial stages of product development, working under the motto, “trial and error”.

Some experts even mention the Fourth Industrial Revolution, which could benefit
different economic sectors. Although its market share is still small, the forecast for upward
growth is practically incalculable [3].

Potential applications of additive manufacturing include aerospace, defense, or auto-
motive materials. Elements for the medical sector and a variety of consumer goods, such
as instruments or electronic devices, can also be produced. The freedom of design and
production is very broad, and it is expected to be extended to many more industries and
sectors in the future [5–7].
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Currently, three technologies have been earmarked for hard materials additive manu-
facturing: Selective Laser Melting (SLM), Electron Beam Melting (EBM) and Direct Energy
Deposition (DED) [8].

Selective Laser Melting (SLM): This additive manufacturing technique consists of the
deposition of a thin layer of powder (generally metallic powder) in a container. Once this
powder layer is deposited, a laser beam melts previously selected areas that quickly solidify.
Then, the powder container moves down so that a new layer of powder can be deposited at
the top. This process is repeated as necessary until the desired geometry is achieved. The
most commonly used metals in SLM systems are steels and titanium alloys, although nickel
and aluminum components have been also fabricated by SLM. These raw materials must
be spherical, which restricts the number of times they can be used. SLM-manufactured
components usually have high density; however, the porosity level depends on the SLM
equipment used. The greatest advantage of this manufacturing process is its capability to
manufacture components with geometries close to the initial design [9].

- Electron Beam Melting (EBM): This process is based on the layer-by-layer deposition
of metal spherical powder that has been selectively melted by the controlled incidence
of irradiation from an electron beam as energy source. The process takes place in a
closed vacuum container, allowing the additive manufacturing of materials with a
strong oxygen affinity, for example, titanium alloys. In addition, this technique is ad-
vantageous since the use of additional inert gases and subsequent thermal treatments
are not necessary. This is because the raw material and container have previously
been heated during the process. The raw materials used are mainly spherical metal
powder, and the typical alloys used are cobalt, nickel, or titanium. Furthermore,
in situ metal matrix composites can be obtained by an in situ reaction. Currently, the
additive manufacturing of cements or ceramics components using this technique is
emerging. The density of the samples fabricated with EBM is higher than for SLM
samples due to the higher energy density of the electron beam in comparison with
the laser beams of SLM. However, the precision and surface finishing of the EBM
manufactured components are worse than in SLM [10].

- Direct Energy Deposition (DED), also called laser cladding: In this process, a raw
powder material is sprayed and directly melted on the substrate surface or the previous
deposited layers with a minimal dilution. During this fabrication, only a thin layer of
the substrate (or the previous deposited layers) is melted, obtaining a layer thickness
around 50 µm and 2 mm. This continuous layer-by-layer deposition results in a coating
fabrication process, and consecutive layer-by-layer deposition results in an additive
manufacturing process. In the initial stages of the development of direct energy
deposition, the samples are mainly used to improve the component characteristics
or already manufactured materials or to restore their components. In addition, this
process can also be used as a complement to other manufacturing technologies to
solve porosity problems, thermal distortion or manufacturing difficulties in small,
localized areas. In addition, this system can eliminate errors that may occur in other
additive techniques. However, one of the most important differences compared to
other additive manufacturing techniques is the possibility of using non-spherical
raw material. This raw material can be metallic or ceramic, and since most ceramic
powders have no spherical shape, this makes it possible to manufacture metal matrix
composites or inclusive cement components [11].

Metal matrix composites and cements can be considered hardmetals due to their high
hardness, strength and toughness. These hardmetals are generally used in aeronautic,
automotive or machine tooling sectors as hard coatings to obtain components with a high
wear or corrosion resistance [12].

Hardmetals have become an important part of modern industrial development. In the
1920s, they were applied for the first time as wire drawings, and since then, the variety of
applications has only broadened, e.g., metal cutting or the fabrication of aluminum cans.
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Moreover, hardmetals are used to make several tools utilized in the mining, gas, oil and
forming industries.

However, traditional hard materials manufacturing involves a lot of fabrication prob-
lems; for instance, titanium machining tools suffer deformation and wear damage due to
the low thermal conductivity of the titanium alloys, which prevents the correct dissipation
of the generated heat during the processes. The higher chemical reactivity of the titanium
alloys causes the chips, formed during the tooling process, to easily weld to the tool sur-
faces, which results in an increment in the edge-holding size. For this reason, 3D additive
manufacturing can be a good alternative for tool manufacturing [13,14].

Traditionally, standard powder metallurgy is used to fabricate hardmetal parts, where
the created green parts present 55% of theoretical density (TD), which can reach up to
100% TD when sintered in inert atmospheres under vacuum. Powder Injection Mold-
ing (PIM) allows complex parts to be produced, such as cylindrical shapes by extrusion,
whereas simple traditional parts, such as cutting inserts or dies, are made by uniaxial
pressing. Although the fabrication of cooling channels for drills and milling cutters is
possible, the complexity of the internal morphologies and outer geometries of the tools can
only be reached with a long process of green machining and finishing [15].

Powder metallurgy also involves issues, for example, the evaporation of the metallic
binder at high temperatures. Hardmetals sintering occurs above the eutectic temperature
(1310 ◦C) within the W-C-Co system (liquid phase sintering). If the temperature further
increases, the liquid phase also increases since more C and W can be dissolved within Co;
nevertheless, an evaporation of the metallic binder can also take place. If temperature
continues going up (above 2800 ◦C), the decomposition of WC into W2C and C can dis-
integrate the tungsten carbide, which is the hard phase. Furthermore, safety procedures
specify that cobalt is a Cancerogenic Mutagen Reprotoxic (CMR) material; therefore, special
requirements are necessary to handle this material [16–18].

In recent times, other strategies have been researched in order to avoid the fabrication
problems of hardmetals. Hard coatings can be manufactured on the surface of components
to obtain hardening surfaces with a high wear resistance, maintaining the advantages of
fabricating softer materials. Some techniques, such as physical and chemical vapor deposi-
tion, have been successfully used to manufacture these coatings with ceramics, cements or
metal matrix composites [19]. However, laser cladding or laser electron beam techniques
are more versatile in manufacturing complex components of Ti, Fe or Ni alloys [20]. One ad-
vantage of the additive manufacturing of coatings is the possibility of manufacturing the
component and the coating with dissimilar materials in a single step. Currently, some
traditional coatings manufacturing techniques have been used for additive manufacture
components, for example: thermal spray, HVOF, cold spray or friction stir deposition [21].
In this way, coating deposition methods, such as cold spray, have recently been applied
to additive manufacturing, as well as in its conventional mass production of high-quality
metals, alloys and metal matrix composites (MMCs) coatings [22]. Additive Friction Stir
Deposition (AFSD) is another solid-state AM process in which the feed material is thermally
treated and deformed to enable its deposition, leading to wrought-like mechanical proper-
ties and microstructures in the as-printed state [23]. However, in all cases, the amount of
materials that can be used for additive manufacturing is small, and the development of
these techniques is still emerging.

Even though hardmetals are of high interest for their possible applications in AM
processes, it is remarkable that they were included in the very early tests performed by Zong
at UT Austin in 1992 [24] using PBF. These materials were studied for AM applications,
with the conclusion that it was quite complex to utilize them. Currently, the additive
manufacturing of hardmetals is achieving promising results; however, extensive research
on this topic remains necessary.
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