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Introduction: The extraction of metals from lunar
regolith is a key area of interest in the field of space
resources utilization. A recent system level analysis
identified the FFC molten salt electrolysis process as
one of the candidate technologies for the joint extrac-
tion of oxygen and metals from lunar regolith [1].
However, experimental studies have shown that the
metallic products obtained from regolith simulants by
this process are very heterogeneous and require post-
processing before use [2], [3], [4]. In this paper, we
present a first proof of concept for the thermal post-
processing of such metallic products from the FFC
molten salt electrolysis of LHS-1 regolith simulant.

Materials and Methods: The presented work has
been conducted using solid products of the molten salt
electrolysis of LHS-1 regolith simulant. The produc-
tion process and final characteristics of these metallic
products have been reported by the authors in a sepa-
rate publication [4]. The present work uses a sample of
the >600 um fraction of the product from experiment
“LHS-1 B”.

The melting behaviour of the material sample has
been investigated by combined differential scanning
calorimetry (DSC) and thermogravimetric analysis
(TGA), using a Netzsch STA409PC thermal analyser.
A 30 mg material sample is placed in an MgO crucible
and subjected to a thermal cycle under He 6.0 atmos-
phere. The material sample is heated to 1415 °C at a
rate of 40 °C/min, held at that temperature for 30
minutes, and cooled down to room temperature at a
rate of 5 °C/min. Images of the sample before and after
the thermal processing are presented in Figure 1.

The morphology and composition of the material
samples after thermal processing are assessed by Scan-
ning Electron Microscopy (SEM) with Energy Disper-
sive X-Ray Spectrometry (EDX), using a Hitachi SU-

Figure 1: Images of the reduced LHS-1 sample before
(left) and after (right) heating to 1415 °C.

70 Field Emission SEM. Measurements are conducted
at an acceleration voltage of 15 keV. The MgO cruci-
ble containing the sample is cast in epoxy resin and
polished to obtain a vertical cross section of the sam-
ple.

Results & Discussion:

Thermal analysis: The TGA and DSC signals
measured during the heating cycle are presented in
Figure 2. During the heating phase, the DSC signal
shows a wide endothermic bulge between 900 and
1030 °C but no clearly defined peak. This is attributed
to the progressive melting of the heterogeneous start-
ing material. Beyond 1030 °C, a significant fraction of
the material is expected to be molten. During cooling,
one main exothermic peak is seen at ca. 930 °C. This is
attributed to the main (near-)isothermal crystallization
process and is in line with the melting temperature
range observed during heating. A second minor exo-
thermic peak is seen at ca. 835 °C, which could indi-
cate a second separate crystallization process. The
TGA shows a progressive mass decrease during the
heating and holding period, which is consistent with
the Mg and Ca loss indicated by the EDX analysis be-
low. The overall mass decrease measured between
both passages at 400 °C is 7.6 % of the initial sample
weight. Visual inspection of the sample after the heat-
ing process shows the formation of a solidified spheri-
cal “drop”, with a white deposit at the surface.

Morphology & Composition: SE micrographs of
the analysed material cross-section are shown in Figure
3. The average compositions of the outlined areas de-
termined by EDX spectra quantification are given in
Table 1. For comparison, the starting composition of
the material before thermal processing reported previ-
ously is also included [4]. A map of the main recurring
compositions identified in area 1 by EDX mapping
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Figure 2: Measured DSC (black) and TGA (red)
signal during thermal processing of reduced LHS-1.
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Figure 3: SE micrographs of the sample cross-section
after thermal processing, at 40X (top) and 100X (bot-
tom) mag., with EDX measurement areas.

followed by k-means clustering is presented in Figure
4. The corresponding cluster compositions are also
listed in Table 1.

The metallic sample is consolidated but porous.
Further consolidation has likely been inhibited by ox-
ide films and, therefore, high interfacial energies. A
distinct boundary layer exists between the main metal-
lic body and the bottom of the crucible. The bulk mate-
rial (areas 1 & 2) is significantly depleted of Mg and
Ca when compared to the starting material. The
boundary layer (area 3) is mostly composed of Al and
Ca. The crucible still mostly contains Mg with minor
traces of Al & Ca (area 4), indicating no uptake of ma-
terial from the metallic charge.

The most abundant recurring compositions are Al-
Si-Ca-Fe(-Ni) compounds (clusters 1 & 2). Cluster 1
approximately =~ matches the  composition  of
SigAlgFesCa [5], and cluster 2 could be a similar com-
pound with Ni partially substituting for Fe. High Si
content areas are also commonly found (cluster 4).
However, those findings must be confirmed by com-
plementary analyses (e.g. X-ray diffraction) before
concluding on the nature of the phases being present.

Clusters numbers

Figure 4: Map of main compositional clusters identi-
fied in area 1 by k-means clustering of EDX map.
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Cluster pixel count:| 21817 | 13159 | 12767 | 9203 | 5037 | 3716

Table 1: Average composition of starting material,
areas of interest and composition clusters, determined
by EDX spectra quantification (excl. O & C).

Conclusions: The present work is a first demon-
stration of thermal post-processing of metallic products
from the molten salt electrolysis of regolith simulant.
The consolidation of the obtained powdered material
into a cohesive porous metallic ingot has been shown.
The modification of the bulk metal content through
partial evaporation of Ca and Mg and differentiated
solidification of an Al-Ca rich compound has also been
demonstrated. This is progress towards the refinement
of the heterogeneous metallic mixtures produced by
the reduction of lunar regolith, to obtain higher grade
metallic alloys.
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