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Who we are?

SIM2 KU Leuven is a leading,
interdisciplinary research cluster at KU
Leuven uniting the research groups
working on Sustainable Inorganic
Materials Management.

https://kuleuven.sim2.be
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SOLVOMET is KU Leuven’s Centre set up to industrially valorise the expertise in
solvometallurgy (incl. hydrometallurgy) that has been and is being developed in Prof.
Koen Binnemans’ research group (Department of Chemistry, KU Leuven, Belgium).

' SOLVOMET

Industrial Service Centre
»

https://solvomet.eu/
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SPECIATION

Development of more selective processes
through a deeper understandingof the
mechanism of solvent extraction processes

PROCESSES

Chemical engineering and mini-pilot-scale
testing (upscaling) of developed processes

and mining chemicals
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Bauxite residue = waste from the production of alumina by
the Bayer process
v'Estimated global production 150 millions of
tonnes/year
v'Bauxite residue is only rarely used in bulk quantities
v'Presence of Sc(lll) comprises more than 90% of its
economic value of rare earth elements (REEs)

Greek bauxite residue
=120 g/tonne of Sc
v" The recovery of REEs with or without other metals

Compound |wt. % from bauxite residue, and utilization of the left-over
Fe,0, 44.6 residue in other applications like building materials
Al,O, 23.6 = contribution to a solution of the management
CaO 11.2 problem of the bauxite residue.

Sio, 10.2

TiO, 5.7

Na,O 2.5

KU LEUVEN

K. Evans, J. Sustain. Metall., 2016, 2, 316-331. 7
C. R. Borra, Y. Pontikes, K. Binnemans, T. Van Gerven, Min. Eng., 2015, 76, 20- 27.
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Compounds consisted exclusively of ions.
They can be organic or inorganicsalts, with low
melting temperature.

The most important properties:

v" negligible vapor pressure,

v broad electrochemical window,

v low flammability,

v’ broad liquidusrange,

v’ tunablestructures (acidic groups for leaching)

lonic liquid process for Co/Ni separation

e Designer solvents. (SOLVOMET)
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HzS0.

waterl bauxiteresidue

v

leaching Betainium bis(trifluoromethylsulfonyl)imide

sulfation-roasting-leaching
700 °C, 3h;5:1 L/Sratio, 24 h, 25°C [H bet] [TfZN]
ascorbic acid l 2 . .
1smv —> reduction Used for recovery of scandium from sulfation-roasted

l leachates of Greek bauxite residue by solvent

extraction <+ extraction.

[Hbet][TEN], O/A 1:5, 1 stage, pH 2.5

|

scrubbing
0.5 M HCI O/A1:1, 2 stages = 0 CF
0.1 M HCIO/A1:1, 1 stage
3
| N OH \\~3*”
+ = \
stripping N O |
3 M H,S0.0/A 11, 1 stage / \\ @] fN
1 Dhgm
®. 7 ~CFs
precipitation 0]
Sc
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B. Onghena, C. R. Borra, T. Van Gerven, K. Binnemans, Sep. Purif. Technol., 2017, 176, 208-2109.
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| 1> REE SN AIZZ Ca[_1Ti M Fe 774 Sc | Cycle 1 5
100 A -
NN pH 3.12 3.08
80 - Sc 14.6%0.2 47.7+0.1
—~ Fe 59+1 271+1
= 60-
S Ti <0.5 0.42+0.01
2 40 Ca 540£10 585+7
o
g Na 3850+30 16100+6
(@)
201 Al 1078+1 4360+60
0 % Y 12.740.2 25.1+0.1
L EX SC1 SC2 SC3 ST PR
La 16.0£0.2 25.1+0.1
L: sulfate leachate after 5-stage leaching,
EX: ionic liquid phase after extraction Ce 44.410.8 >3.8:0.3
SC1:IL phase after scrubbing step 1 Nd 11.0+0.1 11.5+0.1

SC2:ionic liquid phase after scrubbing step 2
SC3:ionic liquid phase after scrubbing step 3 Dy 2.09+0.01 2.65+0.01

ST: aqueous phase after stripping
PR: precipitate after precipitation with NaOH (pH 12.5).

10

Sep. Purif. Technol. 208-2109.

v' Multi-stage
leaching =
increase the Sc
concentration
(mg L) in the
leachate.
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* The viscosity of ionic liquids is generally higher than that of common organic
solvents.

* Supported ionic liquids (SILPs) were introduced to avoid the disadvantage of

high viscosity of ionic liquids. SILPs include combination of ionic liquids and
porous solid supports.

SILP betainium sulfonyl(trifluoromethanesulfonylimide) poly(styrene-co-
divinylbenzene)

[Hbet-STFSI-PS-DVB]

8 @ OH
(R) SO,NSO,CF- /NW

O
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D. Avdibegovi¢, M. Regadio, K. Binnemans, RSC Adv., 2017, 7, 49664-49674.
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(1) = bauxite residue leachate

(2) = solution for removal of ions
(e.g. nitric acid)

(3) = column filled with sorbent
(e.g. SILP or biopolymers)

(4) = fraction collector

v' High purification/preconcentration factors.

KU LEUVEN
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Roosen, J., Van Roosendael, S., Borra, C., Van Gerven, T., Mullens, S., Binnemans, K. (2016).
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2.5
Sc  HPO, \HNO,, HPOREE SILP
1009 o Fe(lll) *ammmmmmmuuzy kanagnoodamsnne 50 o . - .
Q — = Sc(lll) Optimised pH gradient elution with
o 804 e Y(ln H;PO, and HNO; as a function of
© Aﬁ"(gl('lll)l) F19 the bed volume (BV).
S 604 . cay
3 ——Ti(IV) r1.0% Feed 2 mL of BR leachate with HCl
2 404 glx%l)) ! prepared from a BR slag performed
s | oH -0.5 after smelting reduction for Fe
E 204 recovery.
© 0.0
01 ! ! pH;,=1.5. Flow rate 0.5 mL min.
0 6 12 18 Bed volume =10.8 mL
BV
Ca Al Fe Si Ti Nd Sc Y Dy
Concentration in the HCI feed
(mgL?) 4209 1972 518 49 3.3 7.7 1.0 7.5 0.9
Recovery by the SILP (%) 49.8 71.7 34.3 0.00 100 100 100 97.7 100

Elution sequence: Sc(lll) > Fe(lll) > Ca(ll) > Al(lll) = Dy(l11) = Y(IlI) = Nd(lll). KU LEUVEN
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D. Avdibegovi¢, M. Regadio, R.M. Rivera, G. Onoughene, T. Van Gerven, K. Binnemans, in: Y. Pontikes (ed) Proceedings of the 2nd International
Bauxite Residue Valorisation and Best Practices Conference. 7-10 May 2018, Athens, Greece, 381-386.
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Recovery of Sc(lll) from leachate of Greek bauxite residue by functionalization of chitosan-
silica with EGTA

o
U N e 0 YONTY TN (DTPA)
O“‘;Si:..o o o 0-|._ 0 Kf/o Oﬁ) 0
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Roosen, J., Van Roosendael, S., Borra, C., Van Gerven, T., Mullens, S., Binnemans, K. (2016).
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_ oo SN IR o 2.5 Biopolymers
o\o 100 - j’ .................. . .......... A‘ AN A
o : g 0/‘ /./ A*AAA .. . . .
S sl % / VA 120  Optimised pH gradient elution with
g o f /-/ HNO; as a function of the elution
— - 4 A/
8 604 / /{4 —°— Na Sc{15 volume.
t_-.g ? * .//A/ - za I L
q) ....... .. /A —_— 0 — Q_
i ...A L _ 10 .
g 40 // o Feed 10 mL of BR leachate with HNO,.
'g 20 N A,A,A'A /. _._'- . T| ........... 0 5
=] N A/A 7 ° —a—-S | 1Y
E j/ ‘/,-/ —+— Sc pH.=1.5. Flow rate 40 mL h-.
O O -1 Qﬁ»g; -0 0010 -1 18- - /:{I-I-I-I-I-I-I-I-l-l-l-l-l-l-l-l-I-l-l-l-l-l-l-l-l-l-l-l =1 0_0 Bed V0|ume = 8-3 mL-
0 50 100 150 200 250
Elution volume (mL)
Na Ca Al Fe Si Ti Sc ZLn
Concentration in the HNO,
1104 939 670 106 558 106 2 6

feed (mgL?)
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