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(1) Welcome

(2) Introduction of the Module FuLIBatteR
« Background and Motivation
 Structure of the Module
« Consortium and funding

(3) Technical Problem Description

(4) The Concept

(5) Status & Progress

(6) Introduction of the Sub-Projects 1-3

(7) Quantitative Indicators / Target Values

(8) Dissemination, Communication and Exploitation Plan
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Welcome %

Get'tO'knOW metallurgical competence center

« KI1-MET — Competence Center for Excellent Technologies in Advanced
Metallurgical and Environmental Process Development

» Currently 78 employees

Product

» Thereof 65 researchers (master and PhD students, post-docs, Ser

 Locations: Linz and Leoben 9

Elizaveta Cheremisina * https://www.k1-met.com

(Post-Doc) ———

Financing:

45% funding

30% Austrian Research Promotion Agency
15% Participating federal states

5% scientific partners

50% Corporate Partners
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COMET Module - FuLIBatteR @

BaCkground and motlvatlon metallurgical competence center

* Based on the European Green Deal, the Circular Economy Action Plan and the Industrial Strateqy, there is an
ambition to increase the collection rates and recycling of Li from LIBs to 70% and recovery rate of Co, Ni, and
Cu up to 95% in 2030

« The aim of the European Battery Alliance is to build up battery technology and increase the production and
recycling of LIBs in the EU, reach climate neutrality with low-emission mobility by 2050, secure access to raw
materials by closing material cycles

« Focus on Circular Economy with special emphasis on the recovery of valuable metals and critical raw
materials (CRM) from Lithium-lon Batteries (LIB) and closing the gap in material cycles

P o
Climate neutrality m Circular economy Zero waste policy

with low-emission mobility

) % 3]
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https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/environment/circular-economy/index_en.htm#:~:text=%20The%20new%20Circular%20Economy%20Action%20presents%20measures,Lead%20global%20efforts%20on%20circular%20economy.%20More%20
https://ec.europa.eu/info/strategy/priorities-2019-2024/europe-fit-digital-age/european-industrial-strategy_en#:~:text=%20The%20single%20market%20%201%20make%20companies,innovation%204%20give%20consumers%20more%20choice%20More%20
https://single-market-economy.ec.europa.eu/industry/strategy/industrial-alliances/european-battery-alliance_en

FuLlBatteR @

Structure Of the MOdUle metallurgical competence center
Modul FuLIBatteR: Future Lithium-lon Battery Recycling for Recovery of Critical Raw Materials

Development of a robust, sustainable, closed-loop LIB-recycling process for the recovery of
valuable metals and critical raw materials

Waste management and waste technological
approaches for LIB recycling

* Market analysis

Patent and process research
* End-of-waste status and reusability measures

Preparation of LIBs for recycling

Pyrometallurgical processing of LIBs
and black matter
Separation of graphite and metal oxides from

+ Optimization of thermal deactivation step in \ / black matter by froth flotation
LIB recycling Treatments of process waters to recover

* Recovery of Li and P from the gas valuable metals

phase as compounds Sl B B Bio-hydrometallurgical treatment
* Prevention of metal losses in slag A ttz ®

o,
* Re-circulation of by-products for zero S
* Analysis of input and output stream

« Establishment of suitable, selective
and regenerable micro-organisms for
bioleaching

* Process parameter examination

* Utilisation of off-gas for energy pro i

* Waste-water treatment

* Recovery and characterisation of LIB
precursors

* Optimisation and scale-up of process

Duration Funding Budget
01.07.2022 - 30.06.2026 Fed_eral fund_ing,_ state fundin_g_ from Upper Austria and 3,75 Mio.€
Styria, participation of scientific and industrial partners
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FuLIBatteR %

The fundlng bOdIeS Of the MOdUIG metallurgical competence center

COMET Module Programme of FFEG only for existing COMET K1 Centres

% of budget

Public fundings by Federal Ministries 500,000 53.33
Public fundings by Upper Austria and Styria 250,000 26.67
Contributions of the Scientific Partners 46,875 5.00
Contributions of the Company Partners 140,625 15.00
Funded by
- ;:iﬁLal:cM;?i;E?tria = Federal Ministry ” @ Das Land
Climate Action, Environment Republic of Austria U g Vg 7 Stelermark

—)Wt chaft, Tourismus, Region
schaft und Forschunt g

Energy, Mobility, Labour and Economy
Innovation and Technology

Supported by
FFG DSFG) Pa""erA INNOVATION

Promoting Inn NETWORK

NEUES DENKEN. NEUES FORDERN.
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https://www.ffg.at/en/comet-compentence-centres-excellent-technologies-comet-modul
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FuLIBatteR @

Technical problem description and goals metallurgical competence center

* Fine-grained residue fraction from the mechanical and thermal decomposition of LIB; contains the
critical raw materials (Li, P, Co and graphite) and metals (Cu, Ni and Mn)

* Ensure a safe, circular and sustainable battery value chain

* Provide sustainably produced secondary raw materials for the battery
production

« Secure raw material supply and reduce the dependency on the global raw
material markets

» Prevention of landfilled end-of-life wastes

* Increase social acceptance of LIB and application in the automotive industry

« Fundamental research on raw material characterization and recycling of
metal containing residues

- Efficient routes going beyond state-of-the-art to treat residues from the mechanical and thermal LIB
decomposition process
« Cross-sectorial approach with an intersection of waste management, process technology and
metallurgy
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FuLIBatteR aseous
Iitct;‘\ium and %

The concept of the module \/ ~_  phosphorous

metallurgical competence center

-

High-purity
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LIB processing
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Status & progress MET
Work program Of the mOdUIe High-temperature InduMelt tests Recovery of P and metallurgical competence center

and laachina o N O nalal e LI from Off-a.S

arugicacv I

Theoretica
Start assessme Flotation Tests

Results valiaation vioaule ena

: [}
2022

Q3 Q4

1 WASTE MANAGEMENT AND WASTE TECHNOLOGICAL APPROACHES 2 PYROMETALLURGICAL PROCESSING OF LIBS AND BLACK MATTER 3 BIO-HYDROMETALLURGICAL TREATMENT OF LIB

FOR LIB RECYCLING . . L RESIDUES
. WP2.1: Simulation and development of optimised thermal

*  WP1.1: Physical separation of CRM fractions, quantitative evaluation, deactivation step in REDUX process *  WP3.1: Selection and cultivation of microorganisms

and quality verification . e N . . . .

g Y +  WP2.2: Material specific investigations and process simulation +  WP3.2: Bioleaching batch tests and process scale-up advances
*  WP1.2: Processing of flotation liquid fraction based on thermodynamics . . . .
9 4 y . WP3.3: Catalysis of leaching reaction by biosurfactants and metal

. WP1.3: Materials characterisation and marketability evaluation of . WP2.3: High-temperature experiments in inductively heated packed ions

process outputs bed reactor

. WP3.4: Metal recovery from leaching solutions
. WP1.4: Market analysis and identification of opportunities and . WP2.4: Post-treatment of pyrometallurgical recycling output - 2 .
challenges for LIB recycling -~ = ==
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FuLIBatteR Sub-Projects 1-3 =i MET

Current aCtIV”:IeS metallurgical competence center
/ « Sampling of active material was done (for example LIB types: NMC,LFP, HLF)
« Chemical analyses of LIB types started and element distribution (Si, Cu, Ni, P etc.) in LIB types

\ / determined

» Preparation for the flotation tests and selection of suitable flotation agents

Project 1.

Project 2:

« TGA/DSC measurements for NCA, NMC samples; thermal behaviour of cathode materials at 1400-
1515 °C

» First tests for gas analysis from NiMH (H2, CO, CO2)

» Data collection for battery modelling and implementation of solid transport models and turbulent gas
reactions; planning of the first box tests

Project 3:

« Selection of a common growth medium
 Cultivation and adaptation of bacteria
 Investigation of further adaptation strategies
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FuLlBatteR %

Quantitative Indicators / Target values metallurgical competence center

Modules Plan: Target Values of FuLIBatteR

Quantitative indicators / Target Values

Indicators related to science

Contributions in scientific papers with peer-review 12 -
Contributions at conferences with peer-review 8 2
Total number of PhDs (thereof at the centre) 5(4) 5(4)
Total number of master theses (thereof at the centre) 10 (5) 1 (0)
Outgoing research stays 3 -
Incoming research stays 5 -
Indicators related to industry
Total number of patents 2 -
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FuLIBatteR MET
Dissemination, communication and exploitation plan metallurgical competence center

Participation in Creating project’s Organization of Publishing in Creating video
conferences logo and visual workshops magazines and content
identity newspapers

Timeline
Journal papers Meetings with

Information on K1- o . Online press infographic
Scientific Advisory
releases

MET homepage Board

Exhibition fairs and
open innovation
events

Posters and

Creating newsletters brochures

Reports and
Science Media channels of AT E e

popularization partners
events

Popular social
networks (Linkedln,
Facebook, YouTube)
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About us COMET Module FuLIBatteR Non - COMET Publications Events News
- ‘ _

4R\
S PROJECT 1

www.K1-met.€Qm

. & PROJECT 2 .
£ ,
.¥ PROJECT 3

%% MODULE PARTNERS

Visit us on

FuLIlBatteR

Downloads

Welcome to the download area of the module FuLIBatteR

For direct downloads or links to the corresponding pages of success stories, intermediate reports etc. please
click on the requested content.
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https://www.k1-met.com/en/module_fulibatter/downloads
https://www.k1-met.com/en/module_fulibatter
https://www.k1-met.com/en/module_fulibatter
http://www.k1-met.com/
https://www.linkedin.com/company/k1-met/mycompany/
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