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INTRODUCTION

Lithium (Li) is naturally present in various geological formations across the globe. The most
common lithium-bearing minerals—spodumene, lepidolite, and petalite—are typically found in
igneous rocks, pegmatites, and certain types of sedimentary deposits. According to the
International Energy Agency (IEA), global lithium demand is projected to increase by over 40-fold
within the next two decades, driven primarily by the accelerating shift toward renewable energy
sources and electric vehicles, which require large-scale energy storage solutions.

Lithium (Li) plays an essential role in multiple industries due to its unique properties, including its
high electrochemical potential, low density, and ability to conduct heat efficiently. Major
applications of lithium include energy storage systems (batteries), consumer electronics, the
automotive and aerospace industries, as well as in the production of glass, ceramics, and
pharmaceuticals, among others. Lithium-ion batteries, in particular, are crucial for the ongoing
development of electric mobility and renewable energy integration into power grids.

Spodumene is the most prevalent lithium-bearing mineral. It is a pyroxene mineral composed of
lithium aluminum inosilicate. Spodumene typically occurs in lithium pegmatite deposits and can
be found in massive, granular, or crystalline forms. Figure 1 presents a diagram of the
spodumene mineral, highlighting its primary components (i.e., lithium oxide, aluminum oxide, and
silicon dioxide). The diagram also illustrates the stoichiometry of spodumene formation: by
combining 1 mole of Li,O, 1 mole of Al,O3, and 4 moles of SiO,, the reaction yields 4 moles of
spodumene (LiAISi,O¢). Additionally, Figure 1 introduces the Element-to-Mineral Conversion
(EMC) approach, a chemical-mineral mass balance method used to infer modal mineralogy for
the various mineral components present in the ore.
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Figure 1: Conversion of elemental assays to mineral quantities. Element-to-Mineral Conversion (EMC) is a type of chemical-
mineral mass balance quantification method.



PROPOSED SEPARATION APPROACH

The extracted lithium ore involves crushing, grinding, and separating the ore to remove impurities
and increase the lithium concentration. This can be done through physicochemical methods, such
as gravity separation, magnetic separation, or froth flotation, depending on the characteristics of
the ore. Flotation, dense medium separation (DMS) and magnetic separation are the main
beneficiation approaches used for hard rocks ores. Note that the close similarity in chemical and
physical properties between lithium minerals and associated gangue minerals makes the
beneficiation of lithium minerals from ores challenging.

Figure 2 illustrates a proposed flowsheet for spodumene beneficiation, incorporating screening,
dense medium separation (DMS), and flotation stages. This exploratory flowsheet, differing from
the original plan design, is presented as an alternative processing approach aimed at evaluating
potential improvements in lithium recovery. The figure also demonstrates that mica and feldspar
must be managed to achieve a zero-waste strategy and develop a more sustainable beneficiation
process.
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Figure 2: A proposed flowsheet for spodumene beneficiation. The circuit considers a screening, dense medium separation (DMS)
and flotation stages. The figure also indicates that mica and feldspar must be addressed to achieve zero waste.

Each unit operation contributes to extracting the value (spodumene) from the ore. Below is a brief
description of these techniques:

e Screening separation is commonly used to efficiently separate valuable components
from gangue based on particle size, shape, and density.

¢ Dense media separation (DMS), or heavy media separation, takes advantage of the
differences in specific gravity between valuable minerals and gangue minerals, and is



commonly employed to separate spodumene from other gangue silicates. Spodumene,
being denser, sinks (i.e., forms the concentrate), while gangue minerals float (i.e., tailings
or less valuable materials).

o Flotation is widely used to process lithium-bearing minerals such as spodumene. When
the density difference between valuable and gangue minerals is minimal, flotation
becomes the preferred separation method. Depending on the mineralogical assemblage,
either reverse or direct flotation may be applied. Several factors influence flotation
selectivity, and these must be carefully considered based on the ore characteristics.

Figure 2 depicts that the screening section produces undersize and oversize streams. The
oversize stream feeds the dense media separation stage which consists of two sub-stages (sort
of primary separation followed by a cleaner). On the other hand, the undersize stream mixes up
with one of the waste streams of the DMS (i.e., Float 2). The combination of these streams forms
the flotation feed. As a result, Figure 2 generates two types of spodumene concentrates, viz
spodumene DMS concentrate and spodumene flotation concentrate. It is also important to
highlight that mica, and feldspar must be addressed to have a sustainable beneficiation approach.

Figure 2 shows that all the separation stages (i.e., screening, DMS, and flotation) share a
common principle: density. Density is a fundamental property of all matter—solids, liquids, and
gases. It is important to distinguish bulk density, which measures the mass of solids relative to
their volume, including pore spaces. With this understanding of density, we can contextualize the
spodumene beneficiation process through a density scale, as shown in Figure 3. This scale
positions the separation processes according to their density ranges: screening operates at
approximately 2200 kg/m*, DMS spans a range from 2500 to 3100 kg/m?, and flotation separation
(i.e., based on flotation aggregate density) occurs within a range of 100 to 500 kg/m?.
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Figure 3: Density ranges for the different separation processes considered to beneficiate lithium rock-hard ores. Note that figure
also shows separation diagrams (i.e., recovery versus yield) for screening, dense medium separation (DMS), and flotation
processes.

Figure 3 also illustrates the separation diagrams, representing recovery (valuable material)
versus yield (mass recovery) for the different separation methods used in the flowsheet. The
diagrams display diagonal lines indicating no separation and the actual separation curves for
screening, DMS, and flotation. Selectivity in screening is determined by the screen mesh size (#).
In DMS, selectivity is controlled by the medium density, increasing as the medium density rises.
Flotation selectivity is achieved through the effective collision of hydrophobic particles with
bubbles of the appropriate size (viz 1:10 = particle: bubble). This interaction produces flotation
aggregates with the required density for separation under first-order kinetic conditions.

RESULTS AND DISCUSSION

Figure 4 summarizes the separation diagrams described in Figure 3, also including the circuit
configuration separation diagram (TOTAL). The overall separation performance, based on the
sample characteristics, shows a recovery of approximately 54% with a yield of around 17%.
Additionally, the enrichment ratio achieved was 3.2.
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Figure 4: Total separation diagram for circuit configuration (see Figure 2), which is a result of previous stages. These are
screening, dense medium separation (DMS), and flotation. Note that screening is a sorting stage.

Figure 5 summarizes the separation performance results (i.e., recovery) as a function of particle
size for the screening, DMS, and flotation processes.
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Figure 5: Spodumene recovery as a function particle size for all the unit operations presented in Figure 2.

The screening stage acts as a sorting stage, achieving low recovery but effectively removing
unwanted material that could negatively impact DMS performance. The DMS stage demonstrates
clear separation performance, strongly associated with screen opening size. Flotation shows a
typical separation profile, with optimum performance at intermediate particle sizes. Performance
decreases for both fine and coarse particle sizes. Overall, depending on the driving forces of the
three separation approaches and the mineralogical characteristics of the ore, separation
performance can be optimized by adjusting key process attributes and modifying ore
characteristics.



CONCLUDING REMARK

This study develops and tests an exploratory flowsheet for the Savannah mine in Portugal as an
alternative to the original plant design. The aim is to identify optimal processing parameters for
lithium recovery with an emphasis on sustainability. The work focuses on the separation approach
used for processing hard-rock lithium ore from this site. The work involved comprehensive ore
characterization (i.e., chemical, mineralogical, and screen size profile) and dense medium
separation (DMS) testing, including detailed analyses of particle behavior and material
composition under varying conditions. The study's primary focus was on defining boundary
conditions, optimal separation parameters, and process configuration at a laboratory scale.
Current research indicates that DMS studies on Li-bearing ores are limited, especially in terms of
scalability and efficiency in industrial settings. Therefore, this work will help define the role of DMS
and flotation in processing hard-rock lithium ores. Additionally, the performance metrics designed
for this study are traceable, precise, and consistent, providing a robust foundation for further
experimental work. Once the process configuration is established, it will be scaled up for industrial
application. The aim of the project is to establish an integrated, sustainable extraction method
(zero-waste) for lithium recovery from pegmatite deposits.

This work is part of the EXCEED project, funded by the European Union, which aims to establish
a new paradigm in the processing of critical raw materials (CRM).
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