
Conference & Exhibition Nano Innovation 2026, 14-18 settembre 2026 Roma 

CHARACTERIZATION OF AN AL-LLZO-BASED ALL-SOLID-STATE COIN CELL 
Monfreda V.1, Vendittelli A.2, Di Feo, A. 3,5, Spiridigliozzi L.1,5,6,7, Accardo, G.4, Dell’Agli G.1,5,6 

 

1 Department of Civil and Mechanical Engineering, University of Cassino and Southern Lazio, Via G. Di Biasio 43, 

Cassino, Italy. 

2 Department of Electrical and Information Engineering, University of Cassino and Southern Lazio, Via G. Di Biasio 

43, Cassino, Italy. 

3 Department of Physics, Lappeenranta-Lahti University of Technology, Yliopistonkatu 34, Lappeenranta, Finland. 

4 Leonardo Innovation Hub &amp; Intellectual Properties, Leonardo S.P.A. Piazza Montegrappa 4, Rome. 

5 National Interuniversity Consortium of Materials Science and Technology (INSTM), Via G. Giusti 9, Florence, Italy. 

6 EUT + Institute of Nanomaterials and Nanotechnologies-EUTINN, European University of Technology, European 

Union, Cassino, Italy. 

7 Department of Engineering and Science, Universitas Mercatorum, Piazza Mattei 10, Roma, Italy 

 

  

Introduction 

All-Solid-State Batteries (ASSBs) are among the most promising technologies for the next generation of 

electrochemical energy storage systems. Replacing the liquid electrolyte with a solid electrolyte 

significantly improves operational safety by eliminating flammable electrolytes and reducing the risk of 

leakage, thermal decomposition, and lithium dendrite formation. Coin cells are the most widely used 

laboratory-scale configuration for evaluating the performance of novel solid-state battery materials, as 

they enable the electrochemical behavior of electrolytes, electrodes, and their interfaces to be investigated 

under controlled conditions. The cell fabricated using commercial materials characterized with (EIS, CV 

and Charge-discharge cycle) showed a behavior in line with the literature data. A new LLZO-based 

electrolyte with multication doping was successfully synthesized and sintered.  

 

Material and Methods 

Specifically, the coin cell consisted of a lithium metal anode, a garnet-type Al-doped Li₇La₃Zr₂O₁₂ (Al-

LLZO) solid electrolyte, and a composite cathode based on LiNi₀.₈Co₀.₁Mn₀.₁O₂ (NCM811). 

In the initial stage, commercial Al-LLZO was investigated by X-ray diffraction (XRD) to evaluate 

whether exposure to air or pelletization followed by storage in a desiccator induced any changes in the 

crystal structure compared with the pristine powder. Differential thermal analysis and thermogravimetric 

analysis (DTA-TG) were also performed on the commercial powder to determine suitable sintering 

conditions after uniaxial pressing. Based on these analyses, the pellets were sintered at temperatures 

between 1100 and 1400 °C. 

The composite cathode was prepared by dispersing commercially available, previously characterized 

NCM811 powder (XRD and scanning electron microscopy coupled with energy-dispersive X-ray 

spectroscopy, SEM-EDS) in a solution of ethanol and ethyl cellulose. The resulting slurry was cast onto 

an aluminium foil current collector and dried overnight in an oven at 60 °C. 

The coin cell was assembled inside a Jacomex glovebox and electrochemically characterized by 

electrochemical impedance spectroscopy (EIS), cyclic voltammetry (CV) and charge-discharge cycle. 

Additionally, a high-entropy garnet electrolyte, Li₇La₃Zr₀.₄Y₀.₄Sc₀.₄Ta₀.₄O₁₂ (LLZHEO), was synthesized 

by solid state starting from lithium carbonate and the other corresponding oxides. The synthesized 

powder was characterized by XRD and DTA-TG, calcined at 1000 °C for 12 h with a heating rate of 

10 °C min⁻¹, uniaxially pressed into pellets, and finally sintered at 1200 °C for 4 h. 

  

Results and Discussion 

The commercial NCM811 used as the ASSB cathode was observed via SEM, exhibiting a homogeneous 

morphology without evident macroscopic defects. Additionally, EDS mapping confirmed a uniform 

distribution of Ni, Co, and Mn throughout the analyzed area. 

Commercial cubic Al-LLZO did not exhibit significant structural changes even after prolonged air 
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exposure. DTA-TG on Al-LLZO allowed us to identify a possible sintering “window” ranging from 

1100 °C to 1400 °C. Different Al-LLZO pellets wer fabricated and sintered at such temperatures, and 

marked differences have been observed on the sintered pellets. At 1300 and 1400 °C, the sintered pellets 

showed melting evidence. In contrast, successful sintering was achieved at 1100 and 1200 °C. The best 

results were obtained at the lowest sintering temperature, i.e. 1100 °C, that was selected for the 

fabrication of the ASSB cell used for subsequent electrochemical characterization. 

The EIS spectrum of the fabricated cell shows overlapping relaxation processes that are effectively 

described by the (RQ)(RQ)WG equivalent circuit, and the Al-LLZO electrolyte total conductivity 

calculated using the ZSimpWin software is consistent with literature values, being equal to around 1.5 

10-4 S/cm. The cyclic voltammograms (CV) of the ASSB cell showed a rather stable electrochemical 

behavior after 6 cycles, with a very good overlap of the curves from the third to the sixth cycle. The 

slight decrease in the redox peak intensity of the CV curves suggests a moderate loss of electrochemical 

activity upon cycling without evidence of significant degradation. Moreover, a preliminary galvanostatic 

charge/discharge test showed a promising stable behavior (in the range 6.5 – 0.5 V), and further testing 

is ongoing. 

Finally, the novel multicationic LLZO (LLZHEO) has been calcined at 1000 °C for 12h, exhibiting the 

desired cubic structure as proved by the XRD analysis. A dedicated characterization campaign of the 

novel LLZHEO electrolyte will be carried out and an ASSB cell based on it has already been fabricated 

for future electrochemical testing.  

 

Conclusions 

The commercial Al-LLZO-based all-solid-state coin cell was successfully assembled and 

electrochemically characterized, exhibiting electrochemical performance consistent with literature 

reports. The Al-LLZO electrolyte demonstrated structural stability after air exposure and a total ionic 

conductivity of approximately 1.5 × 10⁻⁴ S cm⁻¹, while the ASSB showed stable behavior during 

electrochemical impedance spectroscopy (EIS), cyclic voltammetry (CV), and preliminary charge–

discharge tests. The optimal sintering temperature for Al-LLZO pellets was identified as 1100 °C, 

ensuring effective densification without melting. Furthermore, the novel high-entropy garnet electrolyte 

Li₇La₃Zr₀.₄Y₀.₄Sc₀.₄Ta₀.₄O₁₂ (LLZHEO) was successfully synthesized and crystallized in the desired 

cubic phase after calcination. These findings highlight the potential of multication-doped LLZO 

electrolytes for next-generation all-solid-state batteries; therefore, further electrochemical investigations 

of the LLZHEO system are currently underway. 


