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Abstract

With the upcoming limitations on gasoline-based vehicles, especially in
Europe under the Paris Accord’, research on lightweight alloys for lower CO,
emission and efficient electrical cars has peaked. Since Aluminium (Al) is the most
abundant metal in the earth crust with no accessibility problems and low price, Al
alloys take the lead on design of lightweight alloys. Even though it has several
disadvantages such as low strength, incompatibility for welding and low thermal
stability, these physical and mechanical properties could be enhanced through
alloying.

Scandium (Sc) which is an extremely expensive element for large-scale
industrial use at the moment, has attracted attention in the last decade due to
property improvements in the alloy and in the energy sector and was hence classified
as a critical metal for the future®”. Sc reinforced Al alloys display plentiful advantages
over high strength Al alloys and represent a new generation of advanced materials.
Addition of minor amount of Sc could tune and enhance the properties of Al alloys,
majorly as an outcome of the formation of Al3Sc phase. Additionally, the mechanical
properties of the material could be improved as a result of recrystallization
resistance by Sc addition to Al alloys®. The problems occurring during welding such as
soft spots and loss of strength in heat-affected zones could be eliminated via grain
refinement and anti-recrystallization effect during welding. Hot cracking in Al alloy
welding could also be eliminated by the use of Sc modified filler material®.

Sc is the 31°" most abundant element with an average Earth crust which
makes its rarity comparable with Co and Pb, even though it can be rarely found as
concentrated in a mineral. Therefore, major Sc production today is provided via by-
products of Ti, U, REEs and Ni and the estimated production of Sc;03 reaches
15tonnes/year’™. Another important source for recycling could be the end life
products containing Sc, especially Al-Sc alloys. Nevertheless, there is currently no
reported recycling of these materials industrially'®*! and limited amount of studies

ERES2020: 3™ European Rare Earth Resources Conference |Delfi| Oct 2020 1



presenting feasible recycling routes'*?. Therefore, a complete and sustainable route

for Sc recovery from Al-Sc alloys, SCALMALLOY® in this case, was proposed through
hydrometallurgical methods in this study.

Conventional leaching of electronegative metallic particles and alloys with a
strong mineral acid can result in generation of H, gas and an aggressive exothermic
reaction. While such a leach process can be made safe at laboratory scale there are
significant challenges at commercial scale from a control and zero harm perspective.
Thus, an innovative leaching approach was applied with a metal salt solution with
higher reduction potential to dissolve the metallic powders with cementation of the
metal from the leaching solution. Then, Sc was separated and purified from the
impurities by solvent extraction. The end product, ScFs;, is another advantage of the
solvent extraction process since it can be directly implemented into Al-Sc alloy or
metallic Sc production through molten salt reduction. The process is also scaled up
and tested in a continuous mini-pilot scale.

References

1 UNFCCC. Adoption of the Paris Agreement, Report No. FCCC/CP/2015/L.9/Rev.1.
(http://unfccc.int/resource/docs/2015/cop21/eng/109r01.pdf, 2015).

2 Commission, E. Study on the review of the list of Critical Raw Materials: executive summary.
1-93 (Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs, 2017).

3 Zhang, H. et al. Selective laser melting of rare earth element Sc modified aluminum alloy:
Thermodynamics of precipitation behavior and its influence on mechanical properties.
Additive Manufacturing 23, 1-12 (2018).

4 Rgyset, J. & Ryum, N. Scandium in aluminium alloys. International Materials Reviews 50, 19-
44 (2005).

5 Ma, K. et al. Mechanical behavior and strengthening mechanisms in ultrafine grain
precipitation-strengthened aluminum alloy. Acta Materialia 62, 141-155 (2014).

6 Irving, B. Scandium places Aluminium Welding on a new Plateau. Welding journal 76 (1997).

7 Kaya, S. & Topkaya, Y. in Rare Earths Industry  171-182 (Elsevier, 2016).

8 Wang, W., Pranolo, Y. & Cheng, C. Y. Metallurgical processes for scandium recovery from

various resources: A review. Hydrometallurgy 108, 100-108 (2011).

9 Li, Y. et al. Separation and recovery of scandium and titanium from spent sulfuric acid
solution from the titanium dioxide production process. Hydrometallurgy 178, 1-6 (2018).

10 Gambogi, J. USGS Minerals Information: Scandium. 144-145 (U.S. Geological Survey, 2018).

11 Binnemans, K. et al. Recycling of rare earths: a critical review. Journal of cleaner production
51, 1-22 (2013).

12 Ditze, A. & Kongolo, K. Recovery of scandium from magnesium, aluminium and iron scrap.
Hydrometallurgy 44, 179-184 (1997).

ERES2020: 3™ European Rare Earth Resources Conference |Delfi| Oct 2020 2



