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Affiliation Groups Topic

KIT M. Gleiß (Z2) Exchange relevant information about the different slags and the separation behaviour to develop process property

functions.

Universität Ulm V. Schmidt, O. Furat (Z3) Propagation of 3D and 2D data with, exploring the spatial distribution of lithium aluminate phases through data

analysis and mathematical modeling for the assessment of process parameters and 3D morphology.

TU Clausthal A. Weber, A. Wollmann 

(C2)

Investigation of the effect of different lithium concentrations on slag behaviour to enhance lithium enrichment via

triboelectric charging and electric separation.

HIF M. Rudolph (C4) Provide fine fractions of slag samples for flotation experiments and exchange information on MLA before and after

the flotation experiments. Investigation of fayalite slag on the fundamental flotation surface properties of the

relevant EnAM phases as well as for magnetic force microscopy.

TU Clausthal
M. FischlSchweiger (B2) Exchange relevant information on CT-MLA characterization and lithium aluminate mofphology development in 

dependence of heterogeneous thermal fields.

A. Schmidt (C9) Exchange relevant information on CT-MLA characterization before and after the flotation experiments

TU Berlin H. Kruggel-Emden (C10) Exchange relevant information on CT-MLA characterization to validate the developed comminution model

TU Braunschweig C. Schilde (C14) Exchange relevant information on CT-MLA characterization to evaluate the fracture mechanism

Hochschule Trier-

Birkenfeld

U. Bröckel (C17)
Exchange relevant information on CT-MLA characterization to evaluate separation behaviour
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Lithium slags from MnO-Al2O3-SiO2-CaO systems Slag production steps with controlled 
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WP 1: Li-aluminate slags - influence of fluorine (F) and 
phosphorous (P) on slag and EnAM

WP 5: Li-Aluminate slags from real feed material 
(battery scrap)

WP 2 & 3: Correlative methods for slag characterization 
(bulk slag sample and particle sample)

WP 4: 2nd Reference slag system for SPP 2315

WP 6 :Assessing process parameters and their 
influence on EnAM properties

2

NMC LIBs

SiO2-Al2O3-CaO-MnO-

Li2O +Fluor

LFP LIBs

SiO2-Al2O3-CaO-FeO-

Li2O or +Phosphorous

Fayalitic slag

SiO2-FeO-CaO 

+Additives

Comparison of two different slag 

with different cooling rate [1]
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SEMCT

Pilot scale (S6) ~ 125 kg

• Scale-up based on the lab-scale slag S4

• Homogenous structures observed in the pilot scale slag

• Intergrown of lithium aluminate and Mn-Al spinel forming 
dendritic cluster

Different EnAM morphology in the lab scale slag observed 

multiscale approach using CT and µXRF [1]
Characterisation of pilot-scale slag (S6)

EBSD for grain analysis 

500 µm

Bulk sample

Work program of 2nd funding period

Cluster grain size from µXRF

x10 = 200 µm

x50 = 750 µm

x90 = 2270 µm

EnAM and spinel grain size from 
EBSD

3 mm

6 mm

1000 µm

Slag 1 (S1) Slag 2 (S2)

1000 µm

Slag 3 (S3) Slag 4 (S4)

1000 µm

Different lithium slag structure with LiAlO2 as the EnAM

Lab scale ~ 30 kg Lab scale ~ 5 kg

1000 µm

Pilot scale ~ 125 kg

Slag 6 (S6)

Scale-up of S4
~0.5% Mn ~10% Mn

50°C/h 25°C/h

1000 µm

Slag 5 (S5)

Addition of Mg

1000 µm

• 5 lab scale slags and 1 pilot scale slags were produced during 1st funding period.

• Total of 68 kg slag samples have been distributed to all of the C projects, 55 kg of which were from S6.

• 20 kg of S6 were distributed as a 20 cm size of slag block, and the rest were provided as particle 

samples of <100 µm particle size.

1.1 Thermodynamic modelling and prediction of potential EnAM

1.2 Synthesis of EnAM containing slag under the presence of F & P

1.3 Structural analysis of slag to quantify the impact of the parameters

1.4 Study on pyrometallurgical processing parameters and synthesis of 
refence EnAM systems

6.1 Correlation between mineralogy and process parameters

6.2 Correlation between 3D grain distribution and particle size and 
process parameters

5.1 Generation of the Li-

bearing feed material 
(battery black mass)

5.4 Correlative characterization of 
the lithium slag
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3D XCT data on 

EnAM from WP 6.1

Process parameters data from 

B- & C- projects

Pyrometallurgy

Alloy

(Cu, Ni, Co, Mn)

EnAM segregation  

in the slag

Black mass

Low content 

of Li-EnAM
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of Li-EnAM

5.3 Slag generation

5.2 Elaboration of slag system using 
EoL NMC and LFP LIBs material

Battery 

recycling

• Predict process window for generating suitable Li-Aluminate slag 

structure for mechanical processing.

• Transferability tested with Li-bearing feed material (black mass) from 

battery recycling.

Generation of Li-Aluminate slag and a metal phase 

containing Ni, Co, and Cu.

3D XCT 

3mm 500 µm

Particle sample

Cutting sample into 

several slices
Mineral Liberation Analysis (MLA) using

SEM-EDX based automated mineralogy

Cutting epoxy 

sample into 

several slices

Quantification of the impact of process parameters and the deviation of 

the system regarding produced EnAM from pure components and real 

battery materials.

Shift investigations on Li-recovery via Li-aluminate EnAM to realistic 

scenarios for NMC and LFP LIB recycling. F & P are present in commercial 

LIB and influence the generation and growth of EnAM grains 

Slag evaluation loops

•Preferred in nonferrous industries (Cu, Pb, Zn, Ni).

•Utilized in both primary and secondary metal 

sources including WEEE.

•Due to Cu and Fe presence, LFP LIBs could be 

potentially recycled using fayalitic slag.

Generation of fayalitic bearing slag system
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