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In recent years, lithium-ion batteries (LIBs) have been widely used in electronic
applications such as smart phones or electric vehicles. Thus, it is expected that the demand
for LIBs will continue to expand. Unfortunately, current LIBs employing organic liquid and
sulfur electrolytes are unsafe, releasing liquid and H3S, respectively. However, LIBs
employing solid oxide electrolytes exhibit high safety.

Glass has a random network structure; thus, it is too difficult to control Li* diffusion
through it. However, our research indicates a strong correlation between the glass network
and Li* ion conductivity.

In alkali borate glass, the oxygen coordination distribution around boron ions significantly
affects its properties. However, its structure is not well understood.

In this study, we investigated the glass structure of a Li-B-O glass system with a high Li
content. Through this research, we aim to determine the relationship between the Li* ion
conductivity and the oxygen coordination around boron ions in this system.
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Table 1. Samples for this study

*

Glass LbO  SiO2  BxO; Total LbO/B20s  Tg  Conductivity Specific ~ Molarratoof B Mg®  Vp*  NBO(AL)

No. [mol%] [mol%] [mol%] [%] [-] el [Siem]  gravity [-] "B %] VB [%] [mol%] [mol%] [mol%]
1 70 10 20 100 35 291  1.6E-06 2.10 988 12 198 02 69.8
2 60 5 35100 1.7 326 47E-07 217 - - . - -
3 60 8 2 100 1.9 330 4.6E-07 217 737 263 236 84 516
4 60 15 25 100 24 392 8.7E-07 2.20 780 220 195 55 54.5
5 50 10 40 100 13 409  2.8E-07 223 577 43 231 169 33.1
6 50 0 50 100 1.0 423 3.6B-07 221 589 411 294 206 29.4
7 40 50 10 100 40 457 2.1E-08 232 432 568 292 208 19.2
8 40 40 20 100 20 460 3.8E-08 234 435 565 87 113 28.7
9 40 30 30 100 13 466 <1.0E-08 231 456 54.4 . - -
10 40 20 40 100 1.0 461 3.3E-08 231 493 507 1971 2029  19.71
11 40 10 50 100 08 406 2.8E-07 2.30 584 416 432 568 3432
2 20 40 40 100 05 510 <1.OB-08  2.26 53.6 464 - - .
13 20 20 60 100 03 499 <1.0B-08 221 633 367 . . -
14 6 20 20 100 3.0 7 - - - - - - -
15 60 27 13 100 45 T - : . - . - -
16 60 40 0 100 T - . - - . - -
17 60 0 40 100 15 T - - - - . - -
18 70 0 30 100 23 T - - - - - - -
19 20 60 20 100 1.0 i - - - - -
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Fig. 3. Impedance spectra of Glass No.1 meaured in dry air
Fig. 1. Glass fouming ragion of Li»0-B»03-SiO, glass at 25_ C for the thick cullet. Inset shows equivalent
system. Data plots of Glass (@), Partially cirquit correspond to the measured sample.
crystallized glass (4) and crystal (M) are shown in
the figure.
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Fig. 4. The variation of Li* conductivity data of Li,O-B203-
Fig. 2. The variation of Tg data of Li,0-B,03-SiO glass by SiO,, glass by the addition of Li»O. Inset shows the
the addition of LiyO. Inset shows the Tg results Li* conductivity results. Data plots of ~1 X107 [S/
measured by DTA. Data plots of ~300 ‘C (O), cm] (O), 2~3X107 [S/em] (), 4~7X1077 [S/cm]
301~400 C ( ),401~500 ‘C () and 501~ C (@) (@) and 1X107~ (@) are shown in the figure.
are shown in the figure. Increased conductivity due to increased Li,O

concentration.
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Fig. 5. The structural groupings found in Na,0O-B2,0O3 glass“).
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Fig. 6. Li* conductivity as a function of NBO (All).
The conductivity is a linear function of NBO (All).
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Fig. 7. "'B MAS NMR spectra of Li,0-B,03-SiO; glass
system.
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Fig. 8. Molar ratio of IIB as a function of Li,O content. Molar
ratio of IIB shows the minimum at Li;0=40 mol%
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Fig. 9. Molar ratio of B as a function of SiO, content. Data
plots of Li,O = 60 mol% (@), LioO = 40 mol% (@)
and LisO = 20 mol% (@) are shown in the figure.
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