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7 Industrial

Resources
Mineral waste generation in Finland 2022 (tonnes)
Mining and quarrying 84 682 000
Wood and wood products 602 000
Paper and paper products 2 496 000
Non-metallic mineral products 894 000
Basic metals and metal products 1 721 000
Electricity, gas, steam 972 000
Construction 10 675 000
CO2 40 629 000

Source: Waste statistics 2022, Greenhouse gases 2023 Statistics Finland
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[EF Inorganic Circular Materials
Fostering circular economy - from
Industrial residues to valuable products
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i History of projects about Tailings
utilization@ UOQOulu

e European Training Network for the Remediation

SULTAN

and Reprocessing of Sulfidic Mining Waste Sites

GEOMINS
A

ACADEMY
OF FINLAND

AGNICO-EAGLE

GEOPOLYMER PROCESS

N HYBRID

PHOSPHATE BONDING .SYNTHESIS

SINTERED AND EXOTHERMIC N\
REACTION ASSISTED PROCESSES

Integrated mineral technologies for more sustainable raw material supply.
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1. Alkali
activation
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DISSOLUTION / REPRECIPITATION
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Mixing Si/Al containing solid raw material
with water and alkaline reagent (NaOH,
Na-Sil etc.)

Hardened concrete like structure
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ftf‘ﬁ Stabilization of hazardous elements

GEOSULF - PROJECT

1. BASIC RESEARCH WITH 2. ALKALI-ACTIVATION OF 3. PRODUCTION OF ALKALI- 4. ENVIRONMENTAL
MODEL COMPONENTS AND MINE TAILINGS WITH ACTIVATED AGGREGATES, ASSESSMENT OF THE
SYNTHETIZED HYDRATION MINERAL ADDITIVES FROM CONCRETE PRODUCTS AND PRODUCTS
DIFFERENT SOURCES MINE BACKFILL PASTE

R 4

UTILIZATION OF SULPHIDE MINE TAILINGS IN
GEOPOLYMER MATERIALS (2014 - 2017)

08-10-2024 CRM Conference 2024 Un@etsitylod @sta



\lz

Stabilization of sulphidic tailings —

gold tailings Kittila
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id Stabilization of sulphidic tailings
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*Kiventera, J., Golek, L., Yliniemi, J., Ferreira, V., Deja, J., lllikainen, M., 2016. Utilization of sulphidic tailings

from gold mine as a raw material in geopolymerization. Int. J. Miner. Process. 149, 104-110

Kiventerd, J., Lancellotti, I., Catauro, M., Poggetto, F.D., Leonelli, C., lllikainen, M., 2018. Alkali activation as UnDatsitylé @sta
new option for gold mine tailings inertization. J. Clean. Prod. 187, 76—-84
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1 Alkall activation
of mine tailings

é
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Fig. 1. AlKkali activation process for mine tailings.
12 08-10-2024  CRM Conference 2024

*Kiventera, J., Perumal, P., Yliniemi, J., lllikainen, M., 2020. “Mine tailings as a raw material in alkali-
activation — a review” Int. J. Miner. Metall. Mater. Accepted.
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Eé;’] Alkali activated tailings: Thermal treatment

Phosphate kaolinite Lithium
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" 05105004 CRM Conference 2004 *Perumal, P., Piekkari, K., Sreenivasan, H., Kinnunen, P., 2019. One-part geopolymers from

mining residues — Effect of thermal treatment on three di ff erent tailings. Miner. Eng. 144, 106026. Lnetsityteta
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7 Alkall activated tailings: Mechanical treatment

*Perumal, P., Niu, H., Kiventera, J., Kinnunen, P., lllikainen, M., 2020. Upcycling of mechanically treated
silicate mine tailings as alkali activated binders. Miner. Eng.

08-10-2024 CRM Conference 2024 Uni@atsitylod @sta
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7 2. Supplementary cementitious materials

600 - -
Latent hydraulic, ' i Pozzolanic,
1 more reactive : ! more reactive
500 § ]
= 400 § § O NiCu-B-30
Milling duratinnt Amonphous content Dissolution and reactivity T % s ST E_________!__Nig‘_'l_'_[_)_'_l____
and fineness o . . B NiCuD2
- 1 Latent hydraulic, Pozzolanic, ! Loy
= 30 | less reactive less reactive ! M NiCu-D-4
— ‘L{ — % | X NfCu-D-S
o : ' I NiCu-D-15
Activated mine E 200 4 by =2.14x - 54.85 g O Qtz-B-30
tailings § i R2=0.65 © ; ® OQtz-D-1
1 | . B o . e Qtz-D-2
100  Inert ' R .- g ® Qtz-D-4
| H - ® Qtz-D-8
A=k . © QizD-15
0 O '
— 1 r 1 +t Tt - 1 T T T r*r T 7
0 20 40 60 80 100 120 140 160
Calcium hydroxide consumption (g/100g SCM)
16 08-10-2024 CRM Conference 2024 Ramanathan S, Perumal P, lllikainen M, Suraneni P (2021) Mechanically activated mine tailings for use as supplementary UniDatsityls @sta

cementitious materials. RILEM Tech Lett 6:61-69.
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7 3. Tailings aggregate: Granulation and

carbonation

(Ca,Mg,Fe)SiO;(s) + CO,(g) —
(Ca,Mg,Fe)C0O5 (s) + SiO, (s)

Perumal et al., (202X) Granulation and carbonation of silicate mine tailings towards aggregate production

UniDetsitylod@sta
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7 4. Tailings as ceramics
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18 08-10-2024 CRM Conference 2024 *Lemougna, P.N., Yliniemi, J., Ismailov, A., Levanen, E., Tanskanen, P., Kinnunen, P., Roning, J., lllikainen, M., 2019. UnDetsitybéOsta

Spodumene tailings for porcelain and structural materials: Effect of temperature (1050-1200 °C) on the sintering and
properties. Miner. Eng. 141
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7 5. Applications

. 3 i Source: H. Hamrin, Guide to Underground Mining
® 2007 Encyclopadia Britannica, Inc.  Methods and Applications (Stockholm: Atlas Copco, 1997)

08-10-2024 CRM Conference 2024

In Mining site

Cover materials for tailings on the surface

* Impermeable, flexible

Underground backfill

» Strength — 0,2 to 5 MPa

» Rapid strength development for cut and fill
operations

*Obenaus-Emler, R., Falah, M., lllikainen, M., 2020. Assessment of mine tailings as precursors for alkali-activated
materials for on-site applications. Constr. Build. Mater. 246, 118470.

UniDetsitylod@sta
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7 Applications in mining site
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*Falah, M., Ohenoja, K., Obenaus-Emler, R., Kinnunen, P., lllikainen, M., 2020. Improvement of mechanical
strength of alkali-activated materials using micro low-alumina mine tailings. Constr. Build. Mater. 248, 118659.
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v 1. EXCEED

Funded by
the European Union

Current
situation:
Single-metal/mineral
mining. Limited

EU Potential trustin CRM

to'startin 2024
e 1 -E -

Cost-effective, sustainable and responsible
extraction routes for recovering distinct critical
metals and industrial minerals as by-products
from key European hard-rock lithium projects

© Accessory CRMs
& ind. minerals are
NOT VALORISED

4 )

EXCEED impact:
Increased strategic
autonomy for CRMs
(incl. conflict metals)
& boost in domestic
Li production

\ J

N

EXCEED outcome:

Multi-metal/mineral,

zero-waste mining,

unlocking CRMs, Li
&

mining
0 Rare-Metal Granites
R e St Austell (UK) & = 5
hard-rock deposits Beauvoir (France)
with accessory
CRMs (Nd, Be, W, Kaolin production o
Nd/Ta) & Sn in kaolinized areas g
17 LCT-pegmatites

& 10 RMG/greisen UL O N

deposits % ”m T “ -
8.8-21.7 Mt Li,0 ®

OLithium, accessory CRMs 'f' from the 4 cases
& industrial minerals are | 4 \ v

industrial minerals

i

¥

Post-EXCEED

/ EXCEED project
has four
pegmatite/RMG
case studies

Total Li resource Mina do ; ,
potential Barroso (Portugal) “ .. [ © Accessory CRMs
* . i & ind. minerals are
1.5 Mt other Lithium production NOT VALORISED
CRMs (resources) to startin 2024

<7 I_\-Ié;/] w_ o

B ;
22 CRM Conference 2024~ !

situation:
Multi-metal/mineral,
Zero-waste mining
Enhanced trust in
CRM mining

EXCEED
methodology:
Forensic &
predictive geometallurgy

By-product recovery
Mineral Valorisation
CRM separation &
refining
Digital twins

KELIBER

O a

Horizon Europe Grant Agreement No. 1071091543
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Taillings management

‘ WP3: Valorisation of residual and industrial minerals

Water, 10 % Kaolin if needed
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High temperature ceramics
(milling, mixing, shaping, firing at 1000-
1200 °C

‘ Na/K_silicates, Na/K-hydroxides ‘
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Alkali activated materials

(mixing, curing at 60°C and ageing 7-28 [ —— >

days)

[ Supplementary cementitious materials
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{ (milling, Mechanochemical activation)

‘ Water, Kaolin if needed, Na/K-silicates ‘

i

Lig ht\:veight aggregate
(milling, mixing, granulation, curingat20- — 5
60 °C or firing at 1000-1200°C)

Ceramic roof tiles,
pavers, facing
bricks and blocks

Eco and user-
friendly masonry
bricks, tiles and

alternative binders

OPC replacement
(10-30%) material in
concrete production

Lightweight
concrete for
insulation, acoustic
panels, partition

Dr. Anshumali walls
Mishra
Postdoctoral
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v 2. REESOURCE -

Unlocking the Supply of Rare Earth
Elements in Europe Through

Responsible, Sustainable and
Decarbonised Innovative Technologies

Social

Business

Acceptance &

Development

Digital Ventilation

& Aiborne
Emissions Control

Rise Mini@
Decarbonized

“Invisible” Mining

Flotation
Chemicals

Circular Water
Munagemy

08-10-2024

CR)

Funded by
"the European Union

Horizon Europe Grant Agreement No. 101138460

New paradigm for
responsible,

Low Hazard
‘ sustainable and

decarbonized
mineral extraction

Supply of REEs
unlocked to
support EU

self-sufficiency

Reesource

UniDetsitylod@sta



wn  Tailings management
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Goals

Develop Raise Mining technology for the mineral
extraction in the Fen Deposit to support EU self-
sufficiency on REEs

Valorize mine tailings. Zero Pollution &
Circular Economy of side-streams.

Develop novel reagents and

and Circular Economy in the use
chemicals and water resources.

through green, sustainable, socially

accepted and decarbonized extraction
New digital tools for ventilation control,
minimizing energy consumption and

and benelfication
. environmental airborne pollution

Boost social acceptance and reconciliate
mining industry & society

Develop responsible mineral extraction

Serving the Call
Outcomes*:

ﬁ ab.C

de,f

- D, C d,f

=3, b, C, d

methodologies to achieve Zero Pollution== d, b, ¢

— C,

<

/ *Call Outcomes \
a) Develop innovative technologies

for extraction of raw materials in
the European Union

b) Increase the domestic EU
sourcing of raw materials.

¢) Improve responsible supply o

raw materials to Europe in 1516 wit

the EU principles jg' sustainable
raw materials,

d) Show the potential to reduce
substantially the (GHGs) emissions
intensity of extraction per ton of the
material

e) Promote the utilisation of UNFC
and UNRMS

f) Accelerate development of EU
domestic raw materials exploration
projects  integrating  innovative

(hnologies. /
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U Key takeaway

— Mining iIs inevitable for technology and
green transition

— Possible to create a sustainable mining
environment

— Proper mine planning will help in circular
material flow

— One step at a time: Start with the tailings-
based solution in mine environment
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