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Gas Release: Electrolyte: 

Hydrocarbons:

Alcohols:

Other Gases:

DMC, EMC, 
DEC, EC

CH4, C2H6, 
C2H4, C3H6

CH3OH

HF, PF5, 
POF3,CO, 
CO2, H2, O2

Calibration Data for FTIR available

Process parameters:

20 °C < T < 120 °C 

1 mbar < p < 1.2 bar 

0.06 m3/h < V < 1.2 m3/h
.
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▪ Test facility for 

sensitive and hazardous

materials

▪ Determination of 

component-resolved

drying curves

▪ Characterization: flow,  

heat and mass transfer

▪ Emission monitoring 

in battery recycling 

processes (LIB, SIB)

▪ Sorption equilibria & 

kinetics for current 

and novel battery 

materials (ASSB)
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Process 
safety

Multicom-
ponent system

Time and Component
resolved concentration curves:

CFD

Measurement 
Resolution: 𝟏 𝝁𝒈
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6 Nozzles

Experiments
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Gas flow, heat and mass 
transfer coefficients

Electrolyte-Solvent Mixture 

Material handling in 
H2O free and inert environment 

necessary
H2O

Measuring Cell

Setup: Kalibra

Setup: Hopsi

- Coating technologies
- Challenges in coating 

- Doctor blade
- Slot die
- Multi layer curtain coating
- OpenFOAM

- +/- of the tech. 

- Challenges during , drying, 
assembly

- H2O, material handling, 
storage

- Humidity management 
comparable to convetional
LIB

- Multicomponent solvent 
- Sorption Isotherms
- H2S production 

characterization
- Drying of particulate 

network: Kumberg grafik

- Process, assembly, coating 
which way: upside down 
which layer first 

Li-metal anode

Separator

Cathode

Anode

Graphite

Si - Graphite 

Li - metal

Cathode

NMC

LFP

Electrolyte

Sulfides

Oxides

Polymers

Ionic Conductivity Li - metal compatibility   

Long term stability Suitability as separator

High - potential compatibility   

Suitability as catholyte

Relevant 

properties

Sulfides + NMP

Non-polar solvents 

e.g. Xylene + SBR

Strongly dependent on material system

No fully developed/established processing chain existing  

Separator

▪ Direct application on electrode

▪ Tape casting 

▪ Slurry casting

▪ Screen printing

▪ Separate manufacturing, 

stacking and calendaring later

ca. 10 µm

ca. 30 µm

Higher thermal 
stability

Flammability, 
Leakage

Increased safety

Higher energy 
density possible

Li-metal anode         Graphite anode
3800 mAh / g            360 mAh / gVS.

Less toxic
No volatile organic 
compounds

Higher cycle 
stability
Chemical stability of 
solid electrolyte

concept construction

HOPSI
Concept of a research table coater

Specifications:

Batchwise Slot Die Coating of smallest quantities of coating solution

Modular Concept for different Slot Die geometries 

Device fabrication from 1 cm up to 22 cm

Ambient and inert atmosphere; temperature controlled conditions

Reproducibility by automation 

Defined drying conditions after film application

„Coating Roll“ for determination of coating stability

heterogene multlage in 1 Schritt
unterschiedlciehc struktur
porenradien vertielung mittendrin
schicht mit kleinnen poren
wann entfeuchtet der ? 
auswirkung auf haftung ?
bindermirgration
spannung in schicht
Gb setup kein komplett trockenraum, 
schcutzgase def. feuchte beschichtung trocknung
trockungnhomogon prozessentsprechend, 
sensorik schcihtdicke kamerasysteme wage etc.,
multistage drying in T 

Challenges

Questions

Processing

- Particle AM vs Separator size

Simultaneous multilayer coating
Slot-die

Curtain coating

Laminating multilayer

Laminating multilayer
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Bad interfacial contact

Possibly bad percolation 

High internal resistance

Functional layers at different positions

Thinner separator → energy density 

Prevent contact 
with water during:

Sulfide electrolyte

unterschiedlciehc struktur
porenradien vertielung mittendrin
schicht mit kleinnen poren
wann entfeuchtet der ? 

LGPS Thio-LISICON-Type

Argyrodites LiPSX

Li10GeP2S12

Li6PS5X
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From [1]

From [1]

Li+

PS4
3-

X-

Li+

PS4
3-

GeS4
3-

Tetragonal structure

Li+ movement through 
1D channels

Very high ionic con-
ductivity 10-2 S/cm

High ionic con-
ductivity 10-3 S/cm

Very good processing
properties

Cubic structureX = Cl, Br, I

Structural differences
in layers: i.e. particle
size → Drying behavior?

Solvents Binders

Toluol 
Xylol
Hexan / Heptan

Non-polar!
Styrene-Butadiene-Rubber (SBR)
Silicon-Rubber (SR)

H2S

Sulfides

H2O

Weaker adhesion
through lamination process

Stronger adhesion 
through simultaneous multilayer 

coating and layer intermixing

→

FTIR 
Spectrometer

Evaporator

Measuring
cell

Magnetic sus-
pension balance
(Resolution 1 µg)

Glovebox

material handling, storage, 
drying, assembly!

Binder migration100 µm

High drying rateLow drying rate

From [2]

Binder distribution
changes with drying rate. 

Targeted optimization
through multilayer 
architecture possible?

TC

TC

Slot die or 
doctor blade

FC

Chromatic confocal 
sensor – film height

Coating and drying inside glovebox

Defined, homogenous drying conditions through Comb Nozzle
heat & mass trasfer , temperature, flow, humidity

Component-resolved
drying curves measurable

[3]

[3]

Nozzle Structure for 
highly homogenous 
drying

Film temperature
Film height
Film area weight 
Adhesion strength 
(peel of test) 

IR – film temperature Measurements:

Glovebox

Layer numbers: ≥ 3 possible 

Layer numbers: 2-3

Layer numbers: 2

Targeted optimization of 
power vs. energy density

All-solid-
state battery

Sorption 
behavior?

Compared to 
conventional LIB 

Defects due to 
detachment 

:

Sulfide electrolyte

Active material

Solvent
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