Additive manufacturing of electrodes from metals
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Abstract: Additive manufacturing (AM), known also as 3D printing, opens new possibilities in electrode design. These possibilities allow the electroactive area, flow
properties and uniformity of the electrode to be improved, thus increasing the reactor efficiency. Electrodes manufactured with this method can be used across a variety of
electrochemical processes, for example to enhance the release of gaseous products.
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Introduction
Additive manufacturing, commonly known as 3D printing, offers a possibility to
fabricate an object in one process. Basically, the manufacturing is done layer
by layer. This creates new possibilities for electrodes with more complicated
structures. Electrodes with enhanced surface area and complex geometries
can be designed and manufactured effortlessly with 3D printing. With additive
manufacturing, the weight of the manufactured part can also be reduced. [1, 2]
Additive manufacturing enables great possibilities to design and manufacture
optimized parts with varying porosities. When utilizing a laser based 3D printing
technology, the desired porosity differences can be achieved with a low-energy
density laser beam. [3] This enables the possibility to optimize the electrode.
3D printed electrodes can be used as an alternative for foams and meshes.
These in many ways improved electrodes can be used both in organic and
inorganic electrosynthesis in industrial applications. Metal recovery and
proccess stream treatment are noted applications for electrodes produced by
3D-printing. [4]

This electrode showed enhanced capability to detect both dopamine and
acetaminophen: its sensitivity towards these molecules was improved by 3 times
comparing to a glassy carbon electrode and 4.7 times comparing to a
commercial gold electrode. Figure 2 presents the helical electrode. [6]
Additive manufacturing is a reckoned technology for the fabrication of patterns in
metal electrodes. Lee et al. [7] manufactured electrodes with conical arrays via
selective laser melting. This technology is especially utilizable for metal powder
manufacturing because it allows to create the desired complicated structures
using a powerful laser. Lee at al. used titanium and 3D-printed an electrode with
conical microstructure for the photoelectrochemical water splitting. The conical
arrays enhance the surface area, which improves the performance. The structure
is shown in Figure 3. Also the utilization of 3D-printing makes it possible to have
different densities in the conical arrays. [7]

Design possibilities
By leveraging the freeform manufacturing capabilities of 3D printing, electrodes
can be designed to have very high surface area, while retaining uniform
structure. Structural uniformity is often desirable, as it promotes the uniformity
of current distribution throughout the electrode [5]. These features can be
achieved by using, for example, lattice structures (presented in Figure 1), which
can be designed to have very high porosity and ordered structure. Therefore,
3D printing offers a possibility to design electrodes, where the advantages of
high surface area and uniform current distribution can both be achieved [4].

Figure 2. 3D-printed electrode. [6]

Figure 3. Conical arrays of an electrode. [7]

Conclusions
In conclusion, additive manufacturing brings lots of possibilities for electrode
designing. This can bee seen as enhanced surface area, uniform structure and
complex geometries. All of these properties can be designed to optimize the
efficiency and performance of the manufactured electrode. This will lead into
electrodes that are especially customized for their purpose.
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Figure 1. Electrode designed with lattice structure [4].

Applications
If the electrode needs specific properties, it can be coated. Liyarita et al. [6]
printed helical stainless steel electrodes and plated them with gold in order to
achieve the desired capabilities for sensing biologically active molecules. The
stainless steel electrode was manufactured with selective laser melting and
plated with gold through electroplating.
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