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Among rechargeable energy storage systems, lithium-oxygen 

batteries (LOBs) offer one of the highest theoretical energy 

densities (around 11.5 kWh / kg). Conventional non-aqueous 

refillable LOB systems consist of a lithium metal anode, a 

porous cathode, and a lithium-ion conductive liquid 

electrolyte. Various concerns arising from the use of liquid 

electrolytes prevent their use in LOBs, ie low volatility 

temperature, passivation of the metal anode surface, 

dissociation at potentials above 4V [1]. 

 

This work covers the synthesis of PVDF-HFP based gel-

polymer electrolytes to replace liquid electrolytes to eliminate 

the aforementioned concerns. Although gel-polymer 

electrolytes are free from the basic problems encountered in 

their liquid counterparts, they suffer from low ionic 

conductivities due to the occurrence of crystalline phases. 

Most efforts to increase the ionic conductivity of polymer 

electrolytes have been devoted to introducing ceramic fillers 

such as Al2O3, SiO2, and TiO2 into the polymer matrix [2]. 

Another method is to include low lattice energy lithium salts 

and bulky anions such as LiTFSI to delay crystallization 

kinetics. 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Double-layer gel polymer electrolytes are 

composed of  GPE's and c-GPE's. 

 

In this study, we synthesized  Li1.3Al0.3Ti1.7(PO4)3 

(LATP) dispersed PVDF-HFP gel electrolyte containing 

LiTFSI salts to increase ionic conductivity and stability of the 

quasi solid electrolyte for Li-O2 batteries. The obtained gel 

polymer electrolytes was utilized with two different methods. 

In first the manufactured PVDF-HFP / LiTFSI / LATP (c-

GPE) was directly applied on the surface of oxygen cathode. 

In the second method double layer gel polymer electrolyte 

was used, in the first layer PVDF-HFP/LiTFSI was coated on 

the oxygen cathode and then PVDF-HFP/LiTFSI/LATP 

composite gel polymer electrolyte was coated on it as second 

layer to design an optimal high ionic conductive polymer gel 

electrolyte (d-GPE) for Li-O2 batteries.PVDF-HFP / LiTFSI 

gel We compared the electrochemical properties of as-

produced GPEs and c-GPEs and  d-GPE . The gel polymer 

electrolytes were prepared by dissolving the PVDF-HFP 

polymer in acetone and DMF, and the ceramic filler to be 

applied here was dispersed. As shown in Figure 1, Double-

layer gel polymer electrolytes are composed of different 

thickness GPE's and c-GPE's. 

 

Electrochemical performance of GPEs, c-GPEs and d-GPE 

electrolytes was tested with ECC-air test cell using lithium 

foil, gas diffusion layer (GDL, Sigracet 24BC) and gel 

polymer as an anode, cathode and electrolyte respectively . 

The ionic conductivity and activation energy of GPEs were 

calculated using Electrochemical Impedance Spectroscopy 

(EIS) technique. The reaction potentials of the cell were 

determined by the Cyclic Voltammetry test. Galvanostatic 

charge-discharge tests were carried out between 2V and 4.5V 

at a constant current density of 0.1 mA / cm2. 

 

Our results show that the inclusion of ceramic fillers in gel-

polymer electrolytes increases ionic conductivity but 

negatively affects cycle performance. However the such issue 

was overcome with double layer gel polymer electrolyte. It 

concluded that the double layer gel polymer electrolyte is a 

solution for high performance quasi solid state Li-O2 

batteries. 
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