
In the Franco-German project, six French and six German research groups have joined forces to develop high-power solid-state batteries (SSBs). The cells will be optimized towards fast
charging, a long lifetime, and high energy density. The HIPOBAT project focuses on both lithium and sodium chemistries. Alongside cutting-edge scientific advances in the field of high-power
batteries, the HIPOBAT project will establish an exchange program for early career researchers to promote the mobility between France and Germany to strengthen the Franco-German
relationships in battery science.
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Cathode active material synthesis

Conventional liquid electrolyte based batteries

The HIPOBAT project

Research topics at Forschungszentrum Jülich 
(IMD-2)

• Development of oxide ceramic and hybrid solid-

state Na-batteries 

• Synthesis and optimization of oxide solid-state 

electrolytes (Na3.4Zr2.0Si2.4P0.6O12, NZSP)

• Synthesis and optimization of layered cathode 

active materials (NaxMnO2)

• Multiscale modeling of materials 

Contact: Dr. Christoph Roitzheim, c.roitzheim@fz-juelich.de

→ Pristine and Li-doped NNFM show high phase purity and similar morphology

https://www.hipobat.de/en

→ The continuous co-precipitation allows the production more than 400 g of p-CAM per day

Ni0.1Fe0.1Mn0.8(OH)2 (p-CAM) P2-type Na0.67Ni0.1Fe0.1Mn0.8O2 (NNFM)

Hybrid, polymer-ceramic all-solid-state battery

Na / glass fiber + LE / NNFM, CB, PVDF

Cell type, p/ MPa CR2032, ~0.2

Electrolyte
0.5 M NaPF6, PC:FEC 

(98:2) 

ΦCAM / wt.% 90

qA /mAh cm-2 1.22

A/ cm2 1.77

jchg/jdschg / mA cm-2 0.03-1.63           
(0.04C - 2.00C)

E / V vs. Na/Na+ 1.5 - 4.3

T / °C 25

Alkaline solutions 

NaOH NH3 (aq)

Metal salt solution

NiSO4     MnSO4     FeSO4

p-CAM

Taylor-Flow reactor at FZJ, IMD-2

Calcination, sodiation, (doping)

+ Na2CO3 , (+LiOH)  

T = 900 °C

30 g calcined NNFM 
powder in an Al2O3

crucible 400 g dried p-CAM powder

Pristine NNFM Li-doped NNFM

Li-doped NNFM

p-CAM

• The cathode was infiltrated with 20 µL polymer electrolyte (Bt-PCL + NaTFSI in THF)

and attached to the NZSP separator (98% rel. density) using a polymer interlayer

• Vacuum drying to remove solvent residues (10-5 mbar)→ fully dry all-SSBs

• The first hybrid all-solid-state Na-batteries were successfully cycled

• Improving the cathode architecture and integrating the doped CAM

toward high power and high capacity all-SSBs is ongoing 

Cell type, p/ MPa Swagelok, ~0.2

Electrolyte
NZSP;

NaTFSI + Bt-PCL

ΦCAM / wt.% 70

qA /mAh cm-2 0.32

A/ cm2 0.79

jchg/jdschg / mA cm-2 0.03, 0.05
(0.1C, 0.15C)

E / V vs. Na/Na+ 1.5 - 4.3

T / °C 60

Cathode fabrication 

10 x 30 cm 

d = 15 mm 

• Different cathode compositions 

• For conventional cells: NNFM, carbon black, 

and PVDF (90:5:5 wt.%)

• For SSBs: NNFM, carbon black, PVDF, and 

NaTFSI (70:10:10:10 wt.%)

Na3.4Zr2.0Si2.4P0.6O12 (NZSP)

NNFM + PVDF + NaTFSI +
carbon black 

Polymer interlayer    

30 µA/cm2

50 µA/cm2

1C = 180 mA/g

1.8 mg/cm2

1C = 200 mA/g

1.4 mA

+50%

Loading: 4.1 mg/cm2 for both cells

• Li-doping improves the rate performance 

• Li-doping most likely affects the transition metal interlayer ordering, which facilitates 

the Na+ diffusion at high currents

NZSP separator 
attached to Na 

metal anode

d = 11 mm d = 10 mm

Cathode tape 
infiltrated with 

polymer
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