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Solid electrolytes could enable Li 
metal as anode material!

Polymers Oxides/Phosphates There is no perfect solid 
electrolyte class

Combining properties of the
two material classes in a 
ceramic in polymer (CIP) 

approach
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 Oxides form a dense and compact layer at the bottom side of the
membrane

𝑆𝑈 =
𝑤𝑠 − 𝑤0
𝑤0

∙ 100%

 Solvent uptake (SU) <50%
 Each composition has 

higher ionic conductivity 
than pure polymer with 
similar SU

 Maximum ionic 
conductivity with 20% 
particles:
0.7 mS cm-1 at 40 °C

Hybrid electrolyte membrane

Li-ion conductive aromatic polymer (SIPE)

Flexible linear component

(ratio 3:1)

Surface-modified LATP particle,
0 – 33 wt.% added

Mixing

Probe sonication &
stirring in NMP

Casting in 
petri dish

Solvent evaporation

Addition of
EC:PC

 Highly flexible, ‘solid-like’ 
polymer membrane

 No solvent leakage
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Solvent uptake and ionic conductivity
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Electrochemical performance
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 Hybrid electrolyte with polymer and modified LATP particles has
high ionic conductivity while still having a solvent uptake < 50%

 Uniform and compact oxide-rich layer enables Li plating for over
400 h at 0.1 mA cm-1 without penetration of the membrane

 Hybrid electrolyte can be cycled in Li|NMC622 cells at 0.5C for
> 600 cycles

Capacity retention in Li metal cells
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Wide electrochemical stability window
 Compatible with NMC-based cathodes
 Stability against Li metal

Plating of Li metal possible for over 400 h 
(40 mAh cm-1) without short-circuit
 This corresponds to 10.4 mg cm-2 of

plated Li

Cycling in Li|NMC622 cells at 0.5C and 40 °C. 
In order to improve interfacial contact
between cathode and electrolyte, the
cathodes are spin-coated with the SIPE.  

 Initial discharge capacity similar for
both systems

 Polymer system suffers from rapid 
fading of the specific capacities, while
hybrid system facilitates robust 
cycling for over 500 cycles with 79% 
capacity retention


