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Project Necessity:
Electric vehicles (EVs) are one of the main solution to pollution of the air by cars. EVs are using clean energies

including batteries as the most prominent one. Therefore, EV production is growing fast with the aim of 60 Million
cars before 2040. For this reason developed countries are investing in it. One of the main challenges in EV is
battery. These days big vehicle manufacturer like Toyota, BMW, Tesla etc. are using Li-ion batteries as main power
train for cars. Lithium ion batteries are using widely as energy storage system for EVs but due to the intrinsic
shortage of technology, it need to be improved. Big car manufacturer are investing in researches of new types of
lithium battery to improve energy density for EVs application. Solid electrolyte batteries is one the best solution to
this challenge. The advantages of solid electrolyte are inflammability, impact resistance, thermal resistance, etc. A
lot of projects are working on the substitution of liquid with solid electrolyte. For example, Toyota wants to
introduce prototype of solid electrolyte batteries by 2020.
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Figure 1. Toyota plan for 2025 and 2030 for EVs.

Different solid electrolyte such as, NASICON, Garnet, Perovskite, LISICON, LiPON, Li3N, Sulfide, Argyrolite,
Anti-Pervoskite has been introduced. Among these, garnet seem to have a potential for application in EVs batteries
due to resistance against lithium electrode and acceptable ionic conductivity.

Regarding this, in the present project different solid electrolytes would be investigated and the optimized one for
EV application would be synthesized and then final electrolyte would be produced.

Project Goals:

In this project the main objective is to produce a solid electrolyte with high ionic conduction and stability to be
used as electrolyte for li-ion batteries. The detailed aims are as follow:

Investigation of different inorganic solid state electrolytes suitable for EVs application

A draft feasibility study for production of solid electrolyte in Iran

Investigation of optimized powder synthesis parameters for optimized powder

Determination of inorganic electrolyte optimized parameters

Investigation of physical and ionic conductivity of solid electrolyte to be substituted as liquid ones

uhwnN e

Abstract:

In this project the main goal was to give a vision for solid electrolyte in lithium ion batteries, applications,
characteristics and performances, production methods and related test procedures. Increasing the demands for energy
resulted in increment usage of fossil fuels, although, these energies are limited and pollutant. Therefore, finding new
resources is an obligation and usage of storage systems such as batteries is inevitable. Li-ion batteries (LIBS) are one
the most competent candidates for batteries future. These kind of batteries are using widely in portable electrical
devices, EVs, industries etc.




LIBs are fast charging, high density power and energy, relatively endurable as main advantages for this technology.
In this study, first different types of electrolyte on basis of solid electrolyte were investigated. They were categorized
regarding the advantages and disadvantages. Besides, draft feasibility of production of these electrolyte were studied
and the results revealed that LLZO electrolyte can have a bright future. In Iran, the raw material sources for this kind
of electrolyte is available Afterward, different type of synthesis methods were evaluated and the result showed that
combustion sol-gel method is the optimum one. Different dopants were studied to be used in LLZO solid electrolyte
and it was demonstrated that Al and Ga can improve characteristic of LLZO powder. Finally the powder and sintered
samples were characterized physically, electrochemically and mechanically. The result revealed that Ga as dopant
has the best impact on LLO performance as solid electrolyte for LIBs.

Steps and Methodologies:
In this study first different types of electrolyte on basis of solid electrolyte were investigated and the optimum one
were chosen. Afterward, the raw material sources for the optimum electrolyte were evaluated in Iran. Then, different
synthesis method and dopant amounts were studied and the powder were synthesized using the optimum ones. Finally,
samples were characterized physically, electrochemically and mechanically with different amounts of dopants.
Main Results (technical outputs, patents, papers, books, reports, etc.):
As it was mentioned, different types of solid electrolytes would be investigated and appropriate one for EV application
would be chosen. First, the optimized one would be synthesized and the final electrolyte would be sintered. At last

the electrolyte performance would be investigated.

Recognition of different solid electrolytes for EV batteries and identification of optimized one regarding stability,
cost and performance

Production of technical knowledge to synthesize of optimized solid electrolyte powder
Production of solid electrolyte with capability of minimization of battery comparing to liquid electrolyte

Establishing technical knowledge to produce optimized solid electrolyte in different sizes

In addition to these results and technical reports, scientific papers has been prepared and submitted to international
journals.




