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Extrusion in LIB-Production iIPAT
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Process Parameter Effects on LIB (Anodes)

anode formulation

extrusion
parameters
l influence on
slurry properties
influence on
electrode
properties
® Graphite ® Carbon Black mCMC SBR - conductivity
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Influence of Drive - Slurry iPAT
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Influence of Drive - Slurry iPAT
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Influence of Drive - Slurry iPAT
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Influence of Drive - Slurry iPAT
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Influence of Drive - Electrodes iIPAT
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Influence of Drive - Electrodes iIPAT
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Influence of Drive - Electrodes iIPAT
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Influence of Drive - Electrodes iIPAT
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Influence of Drive - Electrodes iIPAT
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Influence of rotational high rotational speed
+ Processability
+ Adhesive strength

+ Conductivity
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Influence of Solid Content - Slurry IPAT

Institut fiir Partikeltechnik
TU Braunschweig

0.90 N gruger = 1200 mMin™
=30 °C

Extruder

0.85

I
0.80 \

average particle diameter X 4003 [um]

0.75
0.70 . .
0.50 0.55 0.60
solid content c_ [-]
3 Terihnis?l'_l_e
Universitat Eike Wiegmann, Laura Helmers | 13.11.2018 | Improved Extrusion Technology for the Production of Batteries | Slide 14

e .
“ Braunschweig




. N
Influence of Solid Content - Slurry IPAT
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Influence of Solid Content - Slurry IPAT

Institut flr Partikeltechnik
TU Braunschweig

100

[EEN
o

Jc G' G"

storage- and loss modulus G' und G" [Pa]

m Neruger = 1200 min™
-050 . O Txru er_3o OC
0.55 —@— —O— Extruder
0.60
1 1 1 LI III 1 1 m1rrrri 1 1 mrrrri 1 1 m1rrriri
0.01 0.1 1 10 100

complex shear stress t° [Pa]

e

% Technische

v :’:‘ g:‘;‘::i}:ate.g Eike Wiegmann, Laura Helmers | 13.11.2018 | Improved Extrusion Technology for the Production of Batteries | Slide 16
< u wel




. N
Influence of Solid Content - Slurry IPAT
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Influence of Solid Content - Electrodes IPAT
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Influence of Solid Content - Electrodes IPAT
Adhesive strength
* = Mainly adhesive caused collapse
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= Smaller particles — bigger specific surface an more contact points
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Influence of Solid Content - Electrodes IPAT
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Influence of Solid Content - Electrodes IPAT
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Influence of Solid Content - Electrodes IPAT

Institut flr Partikeltechnik
TU Braunschweig

Influence of high solid content
+ Reducing drying costs
+ Adhesive strength
+ Conductivity
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Outlook: High Solid Content c,,, > 60% IPAT
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Outlook: High Solid Content c,,, > 60% IPAT
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Benefit: Challenge:

* No binder segregation = New coating system required

» |mproved mechanical properties = Active material can be damaged
= High cycle stability - minimize shear stress
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Requirements for All-Solid-State Processing Lo

= Liquid electrolyte is replaced by a solid polymer-salt mixture (/‘\/ N\

= No desired porosity like in classic Li-lon batteries, goal is
Zero porosity

»= Li-ion transport is dependent on polymer chain movement

= High homogenization degree is needed for high ionic \_ Nﬁ Y
conductivity

= Shear stress has to be minimized as it causes chain- e Lithium-ion ® LFP
degradation

= Solvent free process chain is used ® Carbon black ~ PEO/Li-salt
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Process Parameter Effects on Polymer Properties 'PAT
li-salt

thermal
degradation

temperature
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Batch Process for ASSB Production IPAT
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- ; B energetic costs
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Batch Kneading Process for ASSB AT
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Batch Kneading Process for ASSB L
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Continuous Process Chain for ASSB Production IPAT

Institute for Particle Technology

lamination unit = Through solvent free
process drying unit is saved

S * For direct calendering thin

— and broad extrudates are
q D desired
§ } | | = Utilization of same process

° o calendering unit U route for cathodes and
twin-screw extruder substrate separator
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Influence of Temperature on Specific Energy Input IPAT
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Influence of Temperature on Specific Energy Input IPAT
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Influence of Operating Temperature L
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Influence of Screw Config. on Specific Energy Input IPAT

Institute for Particle Technology

—&— Low retention time high back pressure

1100 | —@-— Low retention time low back pressure
1000 4 é —&— High retention time high back pressure
= - T --®--- High retention time low back pressure
=< 900 ] —&— High shear stress high back pressure _
¥, 800 ~® High shear stress low back pressure » Use of kneading elements leads
= 7004 ©. to temperature dependency
g 600- e S = High shear stress causes
5 5007 B = thermal degradation for a
s 907 i temperature > 100 °C
o 300 - B
o | ¥ - N2
«» 200
100
e N =@

40 50 60 70 80 90 100 110 120 130 140
temperature t [°C]

AL
o .?Q

g‘ﬁ %*-; Technische

s*ﬁi % Universitit Eike Wiegmann, Laura Helmers | 13.11.2018 | Improved Extrusion Technology for the Production of Batteries | Slide 37
L)
*

e .
*#5 Braunschwei
'bi\fs @ g

{ LABFACTORY
¥ VE

v NEE



L
Influence of Screw Config. on Specific Energy Input IPAT
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Influence of Extrusion Parameters on lonic Conductivity 'PAT
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Conclusions IPAT

* For kneading and extrusion process the polymer passes three
phases depending on the specific energy input

« Batch kneading: higher energy input increases ionic conductivity
e Thermal degradation for W > 2000 kJ/kg

e Extrusion process: low retention time leads to low homogenization
* High retention time and high shear stress cause degradation

Q1L
=

553t |xa% Technische
3 * %E Universitit Eike Wiegmann, Laura Helmers | 13.11.2018 | Improved Extrusion Technology for the Production of Batteries | Slide 40 13 BATT
[ + ] =

oA
) 5 . E
¢§i_.¢¢ Braunschweig higr DRk

“Nscw




e

Conclusions IPAT

* Process window limited through thermal and mechanical
degradation

—

e Continouos extrusion process: specific energy input controllable
through screw configurations causing a specific retention time

N/

» Solvent free processing of separator in the extruder is possible
 Reached ionic conductivities are slightly lower

—
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