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Conclusion

 Higher energy input lead to smaller CB particles and improved cell 

performances

 Extrusion process is able to reach comparable Em with significant lower 

residence times → improved cell capacitiy

 Full cells (anode: 8 mAh/cm2; 

cathode 6 mAh/cm2)

 Improvement of C-rate 

performance due to higher Em

 Higher initial capacities and

improved mechanical properties

of the electrode because of higher

energy input and therefor smaller

particles in slurry production

anode recipe [wt.%]

Graphite                   78.2

AS2D (Si) 14.8

Carbon Black 1.4

CMC 2.1

SBR  3.5

M

slurry

solid mixture:

AM, CMC, carbon black

water

SBR 

+ water

Dispersive and distributive mixing

TM

twinscrew extruder high-intensive mixing

 2/3 kneading

 1/3 mixing

 Energy input depends on screw

configuration (SC) and solid content
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Specific energy depends on the stressing energy (SE) and the

number of stress events (SN)
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Agglomerates Aggregates Breakgage

 Em leads to smaller CB particle

 fraction of aggregates

(<0,5 μm) increases

 Fraction of Agglomerates   

(0,5 μm < x > 10 μm) decreases

 Mean size of Agglomerates 

decreases (peak shift)

 Em increases with speed of mixing tool

 Up to 500 kJ/kg
 Em increases with solid content and time 

 Up to 650 kJ/kg
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 Much higher EM with high-intensive mixing

 Smaller particle sizes can be reached
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 Speed of mixing tool (high-intensive mixing) resp. solid content

(extrusion) and so higher Em lead to improved adhesive strength

 Coating thickness stays constant

SC0

03XP0243B
[1] Kwade, A. (2003): A Stressing Model for the Description and Optimization of Grinding Processes. In: Chem. Eng. Technol. 26 (2), S. 199–205. DOI: 10.1002/ceat.200390029

[2] Raasch, Jürgen (1961): Beanspruchung und Verhalten suspendierter Feststoffteilchen in Scherströmungen hoher Zähigkeit. Karlsruhe, T. H., F. f. Maschinenw., Diss. v. 22. Febr. 1961, Karlsruhe

[3] Haselrieder, W et al (2015): Measuring the coating adhesion strength of electrodes for lithium-ion batteries. In: International Journal of Adhesion and Adhesives 60, S. 1–8.

[1]

[2] [2]

[3]

0 100 200 300 400 500 600 700
0,5

1,0

1,5

2,0

2,5

3,0

3,5

 extruder SC 1

 extruder SC 4

 high-intensive mixing

p
a

rt
ic

le
 s

iz
e

 /
 m

m

Em / kJ/kg

 Short mean residance time (≈ 5min)

 High throughput

 Constant product quality

 Long mixing times (≈ 60 min)

 Small batches

 Batch production

 30 min kneading (wt. % ↑)
 30 min mixing

 Energy input depends on speed of

mixing tool and solid content


