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WHAT DOES LITHOS FOCUS ON? LELRAS

EU domestic processing & refining of Li

by expanding and tailoring the existing flowsheet, which
was developed for regular-grade spodumene ores, so that:
1. the cut-off grade for spodumene ores is reduced,
resulting in larger Li reserves, while

2. allowing the commercialisation of lower-grade pegmatite
and RMG deposits.

LITHOS triggers innovations along the value chain -
mineral processing, concentrate pre-treatment &
hydrometallurgical refining —making it possible to deal with
different levels and types of impurities in non-spodumene
Li minerals (lepidolite & petalite).



LITHOS'S META-OBJECTIVE

O Unleash Europe’s full Li-hard-rock ore potential to become self-sufficient by 2030-35 in
terms of made-in-Europe LiOH ‘H,O.

O LITHOS has a responsible mining and refining approach by giving specific attention to
closing the water loops in the mineral processing and by reducing the overall
CO, emissions.

Li,O
unleashed
potential

less

* compared to today’s benchmark (production of spodumene concentrate in Australia & refining in China).

50%
Less

water consumption CO, emissions *
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LITHOS FOCUSES ON 3 “STRATEGIC” LI-MINE/DEPOSIT J—-‘ﬁiﬂiﬂﬁ;
CASE-STUDIES.

LCT-pegmatites

Low-grade RMGs
Li-minerals: lepidolite

Kaustinen Region
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various ore-grades
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WP2

Innovations in mineral processing

Why?
To lower cut-off grades in spodumene
processing
To deal with different Li minerals (petalite)
To close water loops

For Beauvoir:
Closing the water loop for mineral processing to
generate lepidolite concentrate is in scope —

mineral processing itself is a mature process:
(out of scope of LITHOS)

Accessory CRMs & industrial minerals
(through HE EXCEED project)

LCA, investment and public acceptance assessment of lithium processing value chain

WP4 | Flowsheet integration, digitalisation and modelling

Y

Spodumene concentrates
from regular & lower-grade
ores

Y

Spodumene concentrate &
Petalite concentrate

Y

Lepidolite concentrate

Made-in-Europe
LiOH-H:0



KELIBER & METSO:0UTOTEC (SIMPLIFIED) FLOWSHEET FOR PROCESSING REGULAR g
SPODUMENE ORE INTO LIOH:H,0. EEERAS,

"/[=1§ LiOH process cacos gyl
~ (W02019/220003) :

Spodumene Beta
concentrate spodumene | Na2COa
@ 4 Leach liquid recycling
Base case of the concentrate route for Base case of... Pressure leaching |— J LiOH.H,O
: spodumene ore
Rapasaari & {
Syvajarvi Ca(OH)2 Condensates & process
. —-() S | Y solution recycling
Li-spodumene —>— - : o : High-temperature
e tCrushmg Sorting Gr!ndng{Flotation i { 1
beta-spodumene Conversion | LiOH SO
/ @ leaching Crystalisation
e " Mineral
I ‘ KELIBER < . MO’ patented residue, .



WP3 INNOVATIONS IN PRE-TREATMENT, LEACHING AND &S
RECOVERY

Keliber/M:O process application to other European ores?

Integration of novel/alternative technologies into the Keliber/M:O process?

Conversion of the concentrates to accessible Li sources
a-spodumene to B-spodumene (T= 1100 °C)
X
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WP3 INNOVATIONS IN PRE-TREATMENT, LEACHING AND  &ilBHfi§
RECOVERY

Mechanochemistry/Mechanical activation as an alternative
to thermal treatments

Antisolvent crystallisation as an alternative to evaporative
crystallisation of LIOH-H,O




MECHANICAL-ACTIVATION PRE-TREATMENT LEES

Spodumene, Lepidolite, and Petalite

Lithos materials

Ball-milling E max (w and w/o Na,CO,)

_ MA= ball mill
HP leaching (+Na,CO,)
Conversion (Ca(OH),)
PL
Ball-milling Na,CO;, HP Leaching N i
1400 rpm HP reactors If not in MA washing
Hastelloy
Ca(OH), conversion PLS
+ washing

Solid residue




MECHANICAL-ACTIVATION PRE-TREATMENT J.-ﬁdﬂiﬁ

a-Spodumene

Ms = KAl,(Si;Al)O,,(OH,F),
o Spd Act = Ca,(Mg Fe);SizO5,(OH),
5 B a-Spodumene Spd = LiAlSi,0
. Qtz = SiO,
B a-Spodumene_1h MA + Na2CO3

5,000~ Qtz B ao-Spodumene_8h MA + Na2CO3

Counts

3,000

2Theta (Coupled TwoTheta/Theta) WL=1.54060

Ball mill with Na,CO; Ih 10% mass loss, 8h 50% mass loss
Possible cement/pozzolanic reactions => Actinolite (Ca). Strong adhesion walls/balls



MECHANICAL-ACTIVATION PRE-TREATMENT

Li leaching efficiency (%)

a-Spodumene
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a-Spodumene_MA_HP
a-Spodumene_1h MA + Na2CO3_HP

a-Spodumene_8h MA + Na2CO3_HP

A
Qtz

LiLR s

Spd = LiAlSi,Oq
Qtz = SiO,
A (analcime)=Li,Na, AlSi,O4H,0

Spd (310)

Spd

LiAISi2Os(s) + Na2CO3 + H20 — Li2COs (s) + NaAlSi20e'H20 (s)

2Theta (Coupled TwoTheta/Theta) WL=1.54060



MECHANICAL-ACTIVATION PRE-TREATMENT

Petalite
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MECHANICAL-ACTIVATION PRE-TREATMENT

Lepidolite conc.

Li leaching efficiency (%)
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MECHANICAL-ACTIVATION

Prelimonary conclusions on mechanical activation

a-Spodumene
possible cement reactions to be avoided (time, hydration, etc.)

test B-spodumene MA
Petalite

Lepidolite conc.

Qtz not reactive as spod and Ptl

Test MA with excess Na,CO, (+ water)

See if MA could decrease the dehydroxylation/conversion temperature



ANTISOLVENT CRYSTALLISATION OF LIOH-H,0 LETHS

m Etanol
. . | — ano
Key Findings: = % 2 e,
Isopropanol is the most promising g 25000 — ?,_gg%izxyethane
Acetone: Low LiOH solubility but reacts with LiOH E: 20000+ Acetonitile
THF and acetonitrile: Results in two liquid phases ;—g 15000+
1-Propanol: Results in two liquid phases at lower mole fractions g 10000 ~
Dimethoxyethane and Dioxane: not sustainable 5000 -
0_ T T T T T
0.0 0.1 0.2 0.3 04 05 06 0.7 0.8 0.9 1.0
Next ste PS Mole fraction antisolvent*
Investigate the effect of impurities (Na, K, others) colop;e:dsz;nr:k?cl)sisIsp?r?ce:;m:'llglr?i:\):eutﬂgg ey

Investigate the morphology at different conditions

*Mole fraction of antisolvent at equilibrium, calculated as moles of antisolvent/ (moles of LIOH + moles of antisolvent + moles of water)



ANTISOLVENT CRYSTALLISATION OF LIOH-H,O LS

XRD and TGA: Confirmed LiOH-H,0O formation, no significant Li,CO ; formation

Acid-base titration: No significant Li,CO; formation

A M}‘ A \ 1,4-Dioxane

5 | A
S 2-Propanol
P
2
9 1-Propanol
= .

“Jl a ﬂ Acetone

MA \ A Ethanol

0 20 40 60 80 100

20 (deg.)
XRD diffractograms of crystals obtained with different antisolvents at an O/A-ratio of 2/1. All diffraction peaks match the reference pattern of LIOH-H,0, indicating
its consistent formation regardless of antisolvent type. Identical phase formation was observed across all investigated O/A ratios. Methanol: no crystals; THF &
acetonitrile: 2 liquid phases



ANTISOLVENT CRYSTALLIZATION OF LIOH-H,O

Next steps

Investigate the effect of impurities (with 2-propanol)

NaOH & KOH

Goal: Determine LiOH + NaOH solubility in mixed systems at thermodynamic equilibrium to define the
maximum NaOH impurity for pure LiOH crystallization

Preliminary results:

*Mole fraction of 2-propanol at equilibrium

900
- B- Li* in LIOH-water-ipa system
800 4 - O- Li" in LIOH-NaOH-water-ipa system
? - ®- Na*in NaOH-water-ipa system’
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Mole fraction 2-propanol*

TPabuHoBuy B.A., XaBuH 3.A. KpaTKnit XuMnuecknil cnpaBoYHmK. - J1.: Xumua, 1977 [Russian]
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ANTISOLVENT CRYSTALLIZATION OF LIOH-H,O

Next steps

Investigate the effect of impurities (with 2-propanol)

NaOH & KOH

Goal: Determine LIOH + KOH solubility in mixed systems at thermodynamic equilibrium to define the
maximum KOH impurity for pure LiOH crystallisation
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*Mole fraction of 2-propanol at equilibrium

Mole fraction 2-propanol*

TPabuHoBuy B.A., XaBuH 3.A. KpaTKnit XuMnuecknil cnpaBoYHmK. - J1.: Xumua, 1977 [Russian]

Mole fraction 2-propanol*

Testing on real solutions is ongoing => avoid IX
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AWARDS

Congratulations!

KIEZ BERLIN
FILM FESTIVAL

Europe's Berlin Kiez
lithium Film Festival
paradox
Award
Winner

You've received yet another selection on
FilmFreeway! We're so happy for you
and all your success. Keep up the
amazing work!

2" of July 2025

STORYRUNNER: https://www.storyrunner.be/

# JOURNEYMAN PICTURES

o, AWARD WINNERS
£ ' MY NAME IS CLIMATE
U FILM FESTIVAL 2025

e b
7 BESTSHORTFILM Y
% ON CLIMATE CHANGE /

(]

BEST FILM AWARD:
- to Save Life on Earth - Jan Phillips - United States

AUDIENCE AWARD:
= The Future is in Our Territories - Eliana Lafone - Colombia

JURY AWARD:
- Ice Breaker - Chayanee Niljianskul - Thailand

HONOURABLE MENTION:

- Les Matérialistes - Jonathan Lapalme, Meggan Collins - Canada

-How We Are Saving a River | Restoring Ross Island : David Alexander Baker - USA

- Remains - Robert Duncan - United Kingdom

-Blink by Chris Redmond - Chris Redmond, Jon Hardy, Liv Torc - United States
-Super Sleuths of the Streets - Liv Torc, Chris Redmond, Jon Hardy -United Kingdom
- Inundations - Anne Ciecko - United States

p)
BEST FEATURE FILM Y/
Y, ON CLIMATE CHANGE 2

BEST FILM AWARD: N
- Harmony - Yuda Kurniawan - Indonesia

- AMPHIBIANS. Pioneers of life on land - Stawomir Skupinski* Poland

|
JURY AWARD: Il

- Dating Planet A - Johannes Felder, Jonathan Hofmeister - Gernidii} er

AUDIENCE AWARD: ] I I \W
I

i

HONOURABLE MENTION:

- Brave Love - John Calder - New Zealand

- Insect_O_Cide - Georgina Willis - United Kingdom

- Europe's lithium paradox - Stijn van Baarle - Belgium

-STRATA- Verena Stenke, Andrea Pagnes, VestAndPage - Germany
-Carbon Men Salvations: The Senator’s Dilemma - United States

234 of July 2025

24t of July 2025
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