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Introduction

The fayalitic slag originated as by-product on copper/nickel recycling industries is mainly
formed by iron, silicon, and calcium oxides. However, due to oxygen affinity, other
valuable metals are also concentrated on the slag phase, such as rare earths and
tantalum (Ta). The challenge in this situation relies on the recovery of these metals,
which are very diluted and spread over different mineralogical phases. Based on
literature and previous investigations'”, which have shown that Ta might accumulate in
perovskite (CaTiOs) and ulvospinel (TiFe;?*0O4) phases, we aim to investigate the
enrichment of Ta in those specific phases by changing the composition of the slag with
Ca0 and TiO; additions and applying slow cooling conditions. The incorporation of the
Ta into the structure of the ulvospinel should be enriched at the bottom of the crucible
due to a higher specific weight during the cooling. Perovskite phases, on the other hand,
should accumulate on the surface of the melt due to its lower specific gravity?.

Materials and methods

The initial synthetic fayalitic slag composition is 57.1 wt% FeO, 31.0 wt% SiO,, 6.1 wt%
Cao, 4.5 wt% Al;03, and 1.3 wt% MgO. This was previously prepared by melting the
analytic grade chemicals in an alumina crucible, under inert atmosphere, 350°C.h* up to
1300°C, quenched immediately after homogenisation, crushed and sieved to particle
size < 1 mm. This fayalitic slag was then mixed with 1 wt% Ta (in the form of Ta,0s) and
the additional concentrations of CaO and TiO, according to Table 1. The same furnace
and heating conditions were used. After 1 h of holding time (homogenisation), cooling
down was set up to 50°C.h't under inert atmosphere until 1025°C. This temperature was
defined by a thermochemical modelling. After this, the furnace was turned off, so the
sample was cooled down to room temperature.

The first analytical technique used to evaluate the mobility of Ta into the system and its
distribution in targeted phases was the Electron Probe Micro Analysis (EPMA). Line scans
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were performed at a fixed position and step size of 40 nm to 1 um, where a few points
were chosen in different phases of microstructures to evaluate the chemical content.
The second method was X-Ray Diffractometer (XRD), in which the sample was crushed
to < 44 um, and the peaks matched with standards through HighScorePlus software.

Table 1: Experimental plan for additives

Content (wt%) Ca0o TiO;
Sample | 5 10
Sample Il 25 7.5
Sample llI 25 10

Results and discussion

Theoretically, when 25 wt% CaO and 10 wt% TiO, are added to the initial synthetic
fayalitic slag it is observed that the largest amount of ulvospinel is formed at a
temperature of approximately 1025°C, while the largest amount of perovskite forms at
975°C, which means that both phases are coexisting. The composition maximisation of
both phases happens around 1000°C, however the formation of other phases is
increased by a factor of 7, which might interfere on the analysis. Therefore, 1025°C was
chosen.

Through the XRD analysis, it is observed on Figure 1 that the targeted phases ulvospinel
and perovskite were formed and identified. From Sample |, a fraction located on the
bottom edge of the crucible was analysed due to the higher and lower additions of TiO;
and CaO0 respectively, which enabled the formation of ulvospinel, the denser phase.
From Sample Il, the fraction analysed comes from the slag surface, where the CaO
addition is the highest and TiO; is the lowest, promoting perovskite, which theoretically
is formed on top. From Sample Ill, where both phases targeted are being promoted by
the highest addition of CaO and TiO,, the fraction analysed was from the bottom. As
expected, the perovskite phase was only observed on Sample Il, however ulvospinel was
also observed in this top fraction.

The EPMA provided microstructural images where specific points were chemically
analysed, as Figure 2 shows, in red lines. A variety of larger white crystals and white
lamellar structure are visible. Surrounding these are light grey particles embedded in a
darker matrix.

The quantitative line scan in Figure 2 displays the measured elements along the spectra
line on the y-axis. Ta in wt% content is plotted in the secondary y-axis on the right.
Although the Ta content is lower than 1 wt% in all points, it was observed that a
minimum Ta concentration was measured in the region between 35-48 um for Sample |
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(white crystal). In this spot, Fe and Ti showed significant concentration. Si and Ca, on the
other hand, are scarcely or not at all detected in this region, similar to Ta. This revealed
that the ulvospinel Ta-enriched phase hypothesis is invalidated.
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Figure 1: XRD ranges of Samples | (red), Sample Il (blue), and Sample Il (green) with identified
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Figure 2: EPMA scan analysis of the analysed Samples |, Il and IIl. Top: EPMA images. Bottom:
Quantitative elemental line scan along the sample

In the EPMA analysis from Sample Il (middle image), four distinct phases can be
identified: a white phase, a dark grey phase located at the edge of the white phase, a
grey phase, and a light grey phase where the measurement line begins at point 1.
Regarding the concentration profile, similar behaviours can be observed as in Sample I.
In this case, the white phase is rich in Ca and Ti. The dark grey boundary layer around
the white phase still contains certain amounts of Ti and Ca, but Si and Ta are also
present. In the dark grey phase, higher concentrations of Ta, O, Si and Ca are found. The
light grey phase at the upper edge of the image represents a CaFeSiO-like phase, which
might be Kirschsteinite mineral, as the XRD showed. The perovskite phase was not found
in this specific area.
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For Sample Il (right image), the measurement line runs exclusively along the phase
corresponding to the Fe and Ti-rich phases identified in the previous images. The
homogeneity of this phase is confirmed by the concentration profile of this sample. The
composition of this phase corresponds approximately to that of ulvospinel or
titanomagnetite (Fe,TiO2-Fes0a4), where Ta content was lower than 0.18 wt%.

Conclusions

The motivation for this work is to identify a mechanism that explains the behaviour of
Ta in a fayalitic slag with additives. Based on the thermochemical simulations, it was
possible to determine the temperature of 1025°C in which the addition of the fluxes
promoted the formation of ulvospinel and perovskite phases. The XRD analysis proved
the formation of the targeted phases, however the ulvospinel was easily detected in
relation to the perovskite, probably due to the operational conditions. From the
concentration profiles along the presented cross-sections of each sample, it could be
inferred that Ta is spread throughout different minerals in small concentrations, which
means no Ta enrichment in ulvospinel nor in perovskite phases was observed, preferring
Ca-Si phases. Ultimately a more detailed analysis of the phases indicated the presence
of main four distinguishable phases: a tantalum-rich phase, tantalum-poor phase
without silicon similar to ulvospinel, followed by a tantalum-rich phase with low silicon
content and a phase with certain amount of Ta but not significantly enriched. Regarding
a possible mechanism for the behaviour of Ta in this designed slag system, it was
concluded that the exclusive addition of CaO to the system might be enough to form the
kirschsteinite phase. Moreover, the addition of TiO; into the slag system has proven to
be essential, as it facilitates the release of lattice sites within the fayalitic structure,
which are free from Fe, allowing the incorporation of Ca ions.
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