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The commercialized li-ion battery electrode and electrolyte 

materials used in li-ion battery (LIB) technology, which has 

been developing for 35 years, and currently they have 

achieved great success in powering mobile electronic devices 

and electric vehicles. However, there is increasing concern on 

the safety issues of current LIBs based on organic liquid 

electrolytes, which are volatile and flammable [1]. 

 

After the rapid transition from internal combustion engines to 

electric vehicles with the effect of Li-ion battery technology 

developments, the issue of how safe the batteries are was also 

discussed and it was observed that solid electrolytes are safer 

than liquid electrolyte [2]. Producing new generation 

batteries which will meet demands with high energy density 

and stability; depends on developing novel electrolytes that 

are chemically and physically more stable and have no safety 

risk instead of conventional liquid electrolytes. Although 

solid-state electrolytes show promise for safety, they show 

lower ionic conductivity than liquid electrolytes. Recently 

one of the most commonly used solid electrolytes, 

NASICON type superionic conductors have attracted 

attention due to their superior diffusion properties. Besides 

their mechanical and chemical stability, NASICON-type 

solid electrolytes such as Li1.3Al0.3Ti1.7(PO4)3 (LATP) have 

low cost and high ionic conductivity. Although satisfying 

properties, the inflexible and rigid structure of LATP leads to 

inferior interface contact performance, and as a result, the 

interfacial resistance of the electrode materials gradually 

increased.  

 

Recent studies have been focused, ceramic reinforced 

polymer hybrid solid electrolytes because of their ability to 

easily form films and their wettability. Although low ionic 

conductivity of polymer electrolytes at room temperature, 

adding ceramic additives such as LATP provide enhanced 

ionic conductivity by increasing the amorphous phase and 

chain mobility. In this research, a polymer will be introduced 

to enhance the solid electrolyte performance. Polyethylene 

oxide (PEO), polyacrylonitrile (PAN), polyvinylidene 

fluoride (PVDF), polyvinylidene fluoride hexa 

fluoropropylene (PVDF-HFP) and poly-methylmethacrylate 

(PMMA) are the most common polymer electrolyte 

candidates, studied in the literature.   

 
 

In this study, hybrid solid electrolytes were prepared with 

LATP ceramic and PEO polymer electrolytes by following 

different methods to find out the optimal hybrid electrolyte 

preparation method for solid-state lithium-ion batteries. 

Sandwiched type PEO/LATP/PEO, polymer in ceramic and 

ceramic in polymer types of solid electrolyte was produced to 

increase the ionic conductivity, decrease the interface 

resistance and prevent LATP decomposition. 

 

LATP solid electrolytes were synthesized by sol-gel method 

and crystallized at an appropriate temperature which is 

performed at different temperatures and optimized to obtain 

the highest ionic conductivity value. For synthesizing the 

polymer electrolyte, PEO and LiTFSI salt were dissolved in 

acetonitrile in the appropriate stoichiometry to form a gel. 

Then different amounts of LATP were added to the gel to 

find out the effect on the electrochemical performance of 

ceramic filler. As a reverse strategy, different amounts of 

PEO were added to the LATP ceramic powder to find out the 

effect on electrochemical performance. Further, to prepare 

PEO film-coated sandwiched type electrolytes, LATP solid 

electrolytes were pelleted and sintered at optimized 

temperature. Electrochemical tests were performed in all 

different types of hybrid solid electrolytes. 

 

The current study will shed light on the development of 

unique batteries by overcoming the main problems and 

concerns on safety issues of the Li-ion batteries and new 

generation batteries that provide high energy densities. Thus, 

it will be provided the development of much more efficient 

and safe grid energy storage systems and the development of 

much longer-range electric vehicles. 
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