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In April 2006, Hideo Yamauchi, a manager, (in the Development Division of the Research & Development Group) 

began working in the Development Division of Nippon Electric Glass Co., Ltd. Since then, he has been working on the 
development of glass devices. In 2009, he began working on the development of electrode materials for use in lithium-ion 
batteries (LIBs). Further, since 2013, he has been working on the development of all-solid-state sodium-ion batteries (NIBs) to 
the safety of LIBs and overcome resource-related problems. 
 

Nippon Electric Glass Co., Ltd. has succeeded in operating a motor in a 0 ℃ environment using a 
rechargeable all-solid-state NIB that employs glass-ceramics as its cathode. At 120 Ω/cm2, the electrical 
resistance of the interior of the battery is 1/20th that of conventional products; this demonstrates that at 
low resistances, the battery can be practically utilized. In 2017, the company succeeded in operating the 
NIBs at room temperature. A single coin cell was used to turn on a single LED at room temperature. This 
time, a layer of cells the size of the palm of one’s hand was placed into a laminated package as a 
prototype battery, which was used to continuously power the motor turning a propeller during ice was 
placed on either sides of the battery. These research results were also reported in Scientific Reports, an 
(online: https://rdcu.be/b4QbL) academic journal published by Nature Research. These batteries exhibit 
potential for various applications, from mobile information devices to electric vehicles. We interviewed 
Manager Hideo Yamauchi, a member of the team developing these all-solid-state NIBs, who aims to 
realize mass production by 2025. 
  

Interviews with the researchers and engineers pioneering the future 

We succeeded in operating a motor using an all-solid-state NIB in a 0 oC environment 
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——:  You were able to operate a motor at 0 ℃. 
Manager Yamauchi:  

Normally, a battery is hindered to operate because its electrical resistance increases at low 
temperatures. We analyzed manners in which we could lower this electrical resistance. As no studies 
have been conducted on all-solid-state NIBs, we had start from the principles and attempted to increase 
the amount of sodium ions discharged from the cathode. 
 We reduced the size of glass-ceramics powder and beta-alumina solid electrolyte powder, which 
make up the battery, thereby increasing the contact area and making it easier for sodium ions to pass 
through. We decreased the particle size of the fine Na2FeP2O7 glass-ceramics powder from the 0.8 μm, 
which was used in 2017, to 0.2 μm. By doing so, we could lower the electrical resistance within the 
battery from 3,000 Ω/cm2 to 200 Ω/cm2. Furthermore, the surfaces of the beta-alumina solid 
electrolytes were roughened to increase their surface area. The contact surface area between the glass-
ceramics and the solid electrolytes increased, exchange of sodium ions became smoother, and electrical 
resistance dropped to 120 Ω/cm2.  

By lowering the electrical resistance to 1/20th its previous value, ion conduction improved; 
further, the battery could be operated at -20 ℃ and below, and rapid charging at 2C (in 30 min) became 
possible. 
 
——: Wondering the NIBs would be used in several applications. 
Manager Yamauchi:  
 By considerably lowering the internal resistance of the battery, we could demonstrate the 
practical functionality of the battery. Such batteries exhibit potential in various applications, such as 
mobility, drones, package delivery robots, stationary uses, medical uses, as well as IoT and sensor 
applications. 
 We intend to develop the practical product by 2025; further, apart from enhancing the 
performance of the glass-ceramics in the cathode, we are investigating the replacement of metallic 
sodium in the anode with an oxide material. In addition, we will bake beta-alumina powder on the 
surface of the beta-alumina solid electrolytes, which comprise alumina oxide, to increase the capacity of 
the battery. We will also control the amount of additional resin particles so that the composition and 
manufacturing methods of the batteries will be simple as much as possible. The most important 
challenges pertain to product safety and supply. We will also start looking for business partners for mass 
production. 
 
——: What kind of business partners do you mean specifically? 
Manager Yamauchi:  
 Our battery business may not succeed if we do not form alliances for battery assembly and 
modularization; we will also have to consider what the batteries will be used for, how large they will be, 
how much we will need to produce, and so on. 
 Our company manufactures materials; thus, it is important for us to rapidly identify strategic 
partners and create products out of the materials we develop. If we apply the results of our study to a 
product that uses inorganic matter without concerns about fire and that is very safe, creates a high 
energy output with a simple structure, and has a minimum life of 600 cycles, that will be the first step 
towards a practical product. 

We would like to include this project in our next mid-term business plan; the necessary efforts 
are being invested. This project can be part of a next-generation energy business, which would be the 
third pillar of our operations, following glass for flat panel displays and glass fiber. 

Contact Information: 
Administrative Division Tel: +81-77-537-1702 
Nippon Electric Glass Co., Ltd. 


