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Red mud, a solid biohazard waste from the Bayer process, is a concerning byproduct of the aluminium industry. The
production of one tonne of alumina is accompanied by nearly 0.8 to 1.5 tonnes of red mud (Yulikasari et al., 2024). It
potentially damages the environment and affects living organisms since it is highly alkaline (Pei et al., 2023), has high
salinity (Jia et al., 2024) and contains heavy metallic elements. The contribution of metal oxides (Fe,O3s, SiO,, Al,Os,
Na,O, Ca0, ...) to red mud exceeds 80% (Bai et al., 2024). However, recovering valuable metals from red mud residues
is not financially viable. The utilization of metal-oxides composite containing red mud, therefore, has become a
promising approach to waste treatment.

The ongoing research, referred to as the JetCell project, aims to apply red mud to the anode of direct carbon fuel
cells (DCFC) with the help of additive manufacturing. DCFC is a solid carbon-fueled power generator in which the
electrochemical reaction takes place in the anode (Cao et al., 2007). Researches indicate some metallic oxides (e.g.,
Ca0, MgO, and Fe,03), which are enriched in red mud, provide catalytic effects on the oxidation of carbon fuels (Li
et al., 2010). In some works, catalytic materials have been added to the anode of DCFC to enhance the electrochemical
reaction (Ahsan et al., 2023; Li et al., 2024). Binder jetting, as one of the metal additive manufacturing techniques, has
been employed to fabricate the anodes with high accuracy and functionality. Its non-fusion-based production feature
naturally provides the possibility of couple unmixable materials. Stainless steel AISI 316L (SS316L) is selected as the
main anode material due to its excellent electrical conductivity and corrosive resistivity, whereas red mud is added to
improve the catalytic effects. To address the anisotropic dimensional shrinkage of sintered samples, the mixture
samples are analyzed using metrological methods by the coordinate measuring machine.

This study focuses on fabricating SS316L and red mud mixtures on binder jetting, which is the first time in the
binder jetting field. The print- and sinter- ability of SS316L and red mud mixtures are tested. Powder characterizations
(particle size distribution, flowability, powder morphology) have been performed on red mud and SS316L, and
mixtures with a ratio of 1, 2, and 5 wt.% red mud have been printed. The samples are debinded in argon at 470 °C and
sintered at 1260 °C and 1360 °C under vacuum, followed by material characterizations that prove the feasibility of
fabricating the mixtures on binder jetting, which includes a light optical microscope (LOM), a scanning electron
microscope (SEM) equipped with an energy dispersive spectrometer (EDS), and density.

The density of the mixtures was measured by Archimedes’ Principle, as shown in Table 1. The density of samples
sintered at 1360 °C is around 92%, a little bit lower if compared with pure 316L samples. Thus, the red mud particles
hinder the densification at high temperature. At the low sintering temperature (1260 °C) the density of mixtures is
relatively equivalent to pure 316L samples, near 83.5%, and the red mud concentration has little effect on it.

Table 1. Density of SS316L and RM mixtures sintered at 1360 °C and 1260 °C

1 wt.% 2 wt.% 5 wt.% SS316L (Jamalkhani et al., 2022)
1360 °C 92.96% 91.81% 91.77% 95.2% (1355 °C)
1260 °C 83.48% 83.33% 87.23% 83.5% (1250 °C)

Error! Reference source not found. illustrates the microstructure images of the sintered SS316L and RM
mixtures with different concentration of red mud. Red mud particles are usually larger than the pores and also are
irregular. It can be observed the red mud particles are well distributed. It is easier to see the red mud particles at 1360 °C
since the particles are irregular while the pores are relatively small and round. For samples sintered at 1260 °C, the
grain sizes are smaller compared with 1360 °C. The excessive sintering temperature inevitably leads to grain growth.
The insufficient sintering temperature, nevertheless, degrades the densification. Both cases affect the final strength of
the workpieces. The matrix is mostly stainless steel 316L, while red mud particles are well bonded to the matrix
because no voids at the interface between the matrix and particles are observed. However, iron oxides, originally in
the red mud, were not found in EDS results. It is presumed that the iron oxides are reduced during the vacuum sintering.
Since the debinding gas atmosphere is argon, it is difficult to remove the carbon from the binder during debinding. The
residual carbon reacts with iron oxides in the sintering step. Thus, the catalytic effects of the mixtures and the way of
preserving iron oxides need to be investigated further.
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Figure 1. SEM images of the mixtures of stainless steel 316L and red mud: a) 1 wt.% RM, b) 2 wt.% RM, c) 5 wt.%
RM at 1360 °C, d) 1 wt.% RM, e) 2 wt.% RM, f) 5 wt.% RM at 1260 °C

In conclusion, this article investigates an innovative combination of SS316L and RM as raw materials in the
powder-based additive manufacturing technique, which is the first time that these two materials have been studied in
combination in this context. The incorporation of industrial waste red mud not only provides a sustainable solution for
the recycling of red mud but also has the potential to improve the properties of the final component. The results of the
study provide important insights into the fabrication of composite materials, which can particularly help to improve
the structural and functional properties of DCFC anodes.
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