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Abstract

Scandium may be produced from bauxite residue through a series of technological
steps. The first step — leaching — is one of the most crucial ones regarding the amount
and characteristics of generated residues. We compared four different technology
alternatives towards ecotoxicity of the generated solid residues. These alternatives
were: 1. ionic liquid leaching; 2. mineral acid leaching at high temperature; 3. mineral
acid leaching at ambient temperature; 4. mechanochemical leaching with mineral
acid. The results showed that the ecotoxicity of the residues from the various
technologies increased in the following order: ionic liquid leaching < high temperature
mineral acid leaching < ambient temperature mineral acid leaching <
mechanochemical mineral acid leaching.

Introduction

Scandium production from bauxite residues (BR) includes several technological
steps’. The first step, leaching of the targeted element(s) from the BR generates the
highest amount of residue, so it is crucial to analyse these from an ecotoxicological
point of view. The technology alternatives are: 1. ionic liquid leaching; 2. mineral
acid leaching at high temperature; 3. mineral acid leaching at ambient temperature;
4. mechanochemical leaching with mineral acid.

Materials and methods

Samples originated from the laboratory experiments performed within the SCALE
project by different partners (Table 1). From the solid samples, both solid (whole soil
tests) and 1:10 aqueous extracts (shaken for 24 h at 300 rpm, filtered) were tested.
Chemical analysis of the extracts was carried out by inductively coupled plasma-mass
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spectrometry (ICP-MS 7°500cx / 8800, Agilent Technologies). The ecotoxicity test
battery applying testorganisms from three trophic levels included: Aliivibrio fischeri
(bacteria) bioluminescence inhibition test?, Sinapis alba (plant) root and shoot
elongation test?, Daphnia magna (crustacean) immobilization test’. Effective
Concentrations (ECyp, concentration causing 20% inhibition) were calculated from the
inhibition % (compared to the control) of a sample dilution series. The EC was
expressed as x-fold dilution of the initial sample. EC; values can be regarded as the
lowest dilution that have a significant toxic impact4. We considered median ECyq
values from all tests as the threshold dilution with tolerable toxic effect.

Table 1. Samples from various leaching procedures of the bauxite residue carried out
in the SCALE project

Sample
name Leaching technology
BR Bauxite Residue (Greek)
Leaching with lonic Liquids, Solid Residue
LIL SR (HbetTf2N [betainium bistrifluoromethylsulfonylimide] by lolitec Ltd.)

sample by NTUA LabMet*

High Temperature Leaching with Mineral Acid, Solid Residue
HTLMA SR | (4M H,SO,, 95 °C, 2 h, 400 rpm, S:L=1:5, washed, dried)
sample by NTUA LabMet

Ambient Temperature Leaching with Mineral Acid, Solid Residue’

ATLMA SR
(2M H3S04, 1 h, 550 rpm, S:L=1:10) sample by NTUA ChemLab**

Mechanochemical Leaching, Solid Residue

LMC SR
(3M H,S04, 1 h milling, S:L=1:5) sample by Fraunhofer-Gesellschaft

*NTUA LabMet: School of Mining and Metallurgical Engineering, National Technical University of Athens, Greece
**NTUA ChemLab: School of Chemical Engineering, National Technical University of Athens, Greece

Results and discussion

Results of the ecotoxicity tests are presented in Table 2. BR showed slight acute
aquatic toxicity (detected with D. magna, no effect measured by A. fischeri and S.
alba), in accordance with previous results detecting no acute toxicity of BR sediment
for marine environment®. The S. alba direct contact test indicated 8 times dilution as
the threshold for acceptable toxicity. This was in accordance with previous results
showing that more than 10 w/w% BR in soil may be significantly toxic to S. alba’.

The residue from leaching with ionic liquid was not toxic to the applied testorganisms
(20% inhibition was not reached by the lowest measured dilution), only a slight
toxicity was detected with the direct contact plant test (3 times dilution needed to
reach the acceptable toxicity). The residue from the high temperature mineral acid
leaching was also less toxic than the BR itself. These results may be attributed to the
washing step introduced after leaching of the residues.
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The residue from ambient temperature mineral acid leaching was more toxic than
the BR, with higher EC, values in all test organisms. Residue from mechanochemical
leaching had the highest acute and chronic toxicity to the aquatic environment.
However, the direct contact plant test showed only a slight toxicity with similar ECy
values to the LIL technology residue. In the latter case milling was applied to enhance
the leaching of the targeted element, and smaller sized particles may have
contributed to higher aquatic toxicity by affecting the testorganisms negatively.

The toxicity order of the residues was in accordance with the chemical analytical
data. The metal amount (e.g. Al, Ti, Fe, Cr, Co, Ni) in the water extracts of the
residues was proportional with their toxicity.

Table 2. EC,, values for the residues generated in the BR leaching technology
alternatives

Z‘:;nism Test duration | Sample /;ff;ilé BR LIL SW HTSL\:VV'A AEL\:,"A LMC SW
ECy (dilution)*
A. fischeri | 30 min <5x <5x <5x 6x 11x
60 min <5x <5x <5x 10x 16x
D. magna |48 h 30x <2x <2x 32x 106x
72 h Acute 30x <2x <2x 33x 106x
S. alba 72 h shoot Extract <1x <1x 3x 15x 26x
72 h root <1x <1x 3x 19x 27x
Median 5x <2x 3x 17x 26x
A. fischeri | 120 min <5x <5x <5x 30x 159x
180 min Chronic 87x <5x <5x 80x 154x
Median 46x <5x 5x 55x 157x
S. alba 72 h shoot 13x 2x 12x 15x 4x
72 h root Solid Acute 3x 4x N.D. 19x 2x
Median 8x 3x 12x 17x 3x

*The lowest dilution measured was 5x for A. fischeri, 2x for D. magna, S. alba solid sample and 1x for
S. alba liquid sample due to the test setup or limited amount of sample.

Conclusions

Based on the ecotoxicity of the residues generated from the various BR leaching
technology alternatives, we can rank the technologies. From an ecotoxicity point of
view the order of the technology alternatives (from less toxic to the most toxic) in
the first step of BR treatment within the SCALE technology line is the following: ionic
liquid leaching < high temperature mineral acid leaching < ambient temperature
mineral acid leaching < mechanochemical mineral acid leaching. The washing step
applied in case of the two less toxic samples, may have influenced the ecotoxicity
results and thus may also decrease the adverse effect of mechanochemically leached
residues in practise.

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



Acknowledgement

We thank for the financial support of the European Union’s Horizon 2020 research
and innovation programme under grant agreement No 730105, SCALE project. We
are thankful for our SCALE project partners for providing the samples: lolitec Ltd.,
NTUA LabMet, NTUA ChemLab, Frauhofer-Gesellschaft. This work was supported by
the Swiss State Secretariat for Education, Research and Innovation (SERI) under
contract number 16.0155. The opinions expressed and arguments employed herein
do not necessarily reflect the official views of the Swiss government.

References

1.

SCALE project: Production of Sc compounds and Sc-Al alloys from European metallurgical by-
products, http://scale-project.eu/

L. Leitgib, J. Kdlman, K. Gruiz, “Comparison of bioassays by testing whole soil and their water
extract from contaminated sites”, Chemosphere, 66 (3) 428-434 (2007).

OECD 202. Daphnia magna Acute Immobilization Test, OECD Guideline for Testing Chemicals,
2004.

G. Persoone, B. Marsalek, I. Blinova, A. Torokne, D. Zarina, L. Manusadzianas, G. Nalecz-Jawecki,
L. Tofan, N., Stepanova, L. Tothova, B. Kolar, “A practical and user-friendly toxicity classification
system with microbiotests for natural waters and wastewaters”, Environ. Toxicol.. 18 (6) 395-402
(2003).

7. M. Ochsenkuehn-Petropoulou, L.-A. Tsakanika, Th. Lymperopoulou, K.-M. Ochsenkuehn, K.
Hatzilyberis , P. Georgiou , C. Stergiopoulos, O. Serifi and Fotis Tsopelas, “Efficiency of Sulfuric
Acid on Selective Scandium Leachability from Bauxite Residue” Metals 8 (11) 915 (2018).

J.C. Dauvin, “Towards an impact assessment of bauxite red mud waste on the knowledge of the
structure and functions of bathyal ecosystems: The example of the Cassidaigne canyon (north-
western Mediterranean Sea)”, Mar. Pollut. Bull., 60 197-206 (2010).

E. Ujaczki, O. Klebercz, V. Feigl, M. Molnar, A. Magyar, N. Uzinger, K. Gruiz, “Environmental
toxicity assessment of the spilled Ajka red mud in soil microcosms for its potential utilisation as
soil ameliorant”, Period. Polytech. Chem. Eng., 59 (4) 253-261 (2015).

ERES2020: 3™ European Rare Earth Resources Conference |Delfi| Oct 2020 4



