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Abstract: The expansion of lithium-ion battery usage beyond portable electronic devices to electric vehicles and energy storage

systems is driven by their high energy density and favorable cycle characteristics. Enhancing the stability and performance of

these batteries involves exploring solid electrolytes as alternatives to liquid ones. While sulfide-based solid electrolytes have

received significant attention for commercialization, research on amorphous-phase glass solid electrolytes in oxide-based

systems remains limited. Here, we investigate the glass transition temperatures and sintering behaviors by changing the molecular

ratio of Li2O/B20s in borate glass comprising Li20-B203-Al203 system. The glass transition temperature is decreasing as

increasing the amount of Li>O. When we sintered at 450 C, just above the glass transition temperature, the samples did not

consolidate well, while the proper sintered samples could be obtained under the higher temperature. We successfully obtained

the borate glass ceramics phases by melt-quenching method, and the sintering characteristics are investigated. Future studies

could explore optimizing ion conductivity through refining processing conditions, adjusting the glass former-to-modifier ratio,

and incorporating additional Li salt to enhance the ionic conductivity.

Keywords: Glass ceramics, Glass transition temperature, Sintering, All solid state lithium batteries

5 Weon Ho Shin; weonho@kw.ac.kr
Jeong Min Lee and Dong Seok Cheong contributed equally.
Copyright ©2024 KIEEME. All rights reserved.

This is an Open-Access article distributed under the terms of the Creative Commons
Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0)
which permits unrestricted non-commercial use, distribution, and reproduction in any
medium, provided the original work is properly cited.

gk otyet, AZIAL oluA] A4 AlAE(energy storage
system) Go|l= A=SA0 2 AW It} [1]. AR AFE:
gl OJAMIAl = A AshAS ARERE 2ol AR =
W, =2 ol Arto mp2 025t EA O AR ARAF
Ol Vs o}E}L R *% An J 071711 O“Kﬂ Al

) &
ol
—v—‘

A Hﬂﬂr [3-5]. Ol 2o 2AIE si2str] A8l A sl



446

A2 A A=z At
lithium battery, ASSLB
[6]. AOAIRA = K 5st2
A7 % glof oA U=
[7,8]. =3, 1A MefAE A
84S 7Y, & A=
5 V7] gher 4 glo] AU E
ALt [9]. FRI7FA] AFE AL Q= AL
S, LA, Alst Al
o] A5 UERZ] iwof 715
2 ohpo] Aol Ak 9t
O]OL‘} /\HJA],_‘]L__O H}g;\ég L8H
o] X A Z-A] v]| o] To| eAstTh= tHA o]

v v g

ol {-J
)
2}
A,
®
=
»
O
=
Q.
%
2
@
2
o

5 o
Lo
<
r <]
o>
o,
l:l
O
)
>,
&_.
)
i)

w2
Flo
rr U oo
e = 1%
e ko oro o > 01

s :lo .—‘1
o2
<
o%
ol
=

ol
-

=

uE
r$ o

2a)

AZL
N

oX
oX
o,

Ack[10,11].

TEAPE @A Aloj7k Golsti 7bR 0 2 KA stk
Aol EAISILY, As1A Lo} 2] §9] o] 557} ojAln,

A% 2= Wt JuiE o2 Sk o] ik [12]. At
ah27) 1A sl e #etEA) ] gojsos we of

o
° e w2 JEPYA| U 318HA ot Ao] S50 25
Faate] Aol goo], Ued 3L TEY 4 9
A RAIC] A RRIRA 2] s 4o] e nA] AshEol
2t & 4 QT [11]. the A AetaA] 1A Asha2 7t

Uld(garnet), A 23 (NASICON), 2] A| 23 (LISICON),
| 2 B A7}0] E§)(perovskite) 522, =2 AR/dS 7]
gto g ARt Yof 2]F o]=9] o]5o] d&stey Jde
2 &2 ol AEE(~107S/cm)E LFERACH [13]. 5}A]
ot /\}7]_1 7ﬂxé A A ASAL =L o]l M2 113
3171 9J5H 1.000°C FEo] =& A7 w7} ™Qstn, 5
T 2= g9oA = =49 2ol E= Aol o] vt
202 98} S MALsHS o ofel ol ek [14]. WA
we 2rox 4ol Thseti g7] Aol $4%
Al sl Ao 7ol H a st Aot} 2]/ A2t
o oA Feje vYe PAS 2D ons BiA Y
EAF L& (random network structure)S Zh=t}. 1HA
o= Rel7t @es] vIZA = 2 Azt 220 tis
At Aol ] QRIS & 2o = 0|9} o] o] Hlo] e
(glass transition temperature, Ty)E Zt= A2ty 24
=29] I o7t =t [15]. F2ld2 F/dst7] sl
M 72 @dA(glass former), &2 7HAAl(glass
modifier), £7F=(intermediate)o] = Q 5ttt §2] &A
A= %94 F7doll BRI Atekg 24 SiOy, Bo0s, GeO,

22 FYRIL 27

—_—

H 2 0”711 %QCH 2|5 2roA Fdst7] Al sHA
o AEEOI A BhelA Nk FTIAITI0 R U
IxE Badoz A~Ast= =27 99 Li;O, NasO,

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 4, pp. 445-450, July 2024: Lee et al.

Ca0 59 A&7t &&=}, 22]11 Al,0sef 2ol 1 ApA|
2 {5 P RIS f2] F/8A0l AVHE o Y=
o 3= = 242 S0l gttt [17]. f2 Ao
Atetgted Qg do] 46t A7) Ax o] gigh Fxre]
710 =7} oFsto] ohfet /g s F/dat 4dol &
o|stt} [18]. 2] PdAIL] &/l Wt B20s9] B+ &
At f-2](borate glass), Si0.9] --ol+= H+4IE /2
(silicate glass) 52 Ohgst 2742 27 ==t S4tY
Fele At felof v H%EOI Fi1g 2oL
42 7RI B2 B0sE 78] FEAR AFEIITH w2 o]
2 RAee s FEL 4 o) [18]. 3, o] ‘dixﬂiﬁ
o] el 7189 244 1A AsliAde] o] 2 A= tA Y
F [19]3h= oA g8 tAUES 2=t 72 AsiAol
Ae] ol A& mHYZL Cluster by-pass model,
Dynamic structural model £9] t}ofst o] Mz n
o] A|AlE]o] Qltt [20,21]. =] HshA A £710]], F4F
& 7|8k 72] HofAde] o] A wot HH AFoA =
200°ColA] 2F 107°S/cm9] o] AT &2 7HxIch ol
st} [22]. ®3}, &2 28] }\-ﬂa.l:ﬂ Ho] o] M AS
8018t o Lo A= 2k 3.075%107°S/cmQ] 0] A r &
7Hx6] oln v]RA Helo] o] Meel 10° S/cme
o @2 de s el oj2igh Aub= 2743 {2
Aletal =iy v g Felg v wilS o 27gehe Ael
oA ¥]7t 4At4(non-bridging oxygen)7t 57151 7] T
2o o] AEw7t wopgl Z1og sl 4 Qo & &
2] 71§te] Mool o] M= g 7iAdsh7] HoliA= ]
7H A2 S A7 Aol Basit) [17]. TefA =2
o2 e &5 AUHA A 270l 7}sgh 72 A2ty
oA A =/go] tigh 71 & A7 B g Ao, 2
=0l A= AIAAR] & B4 F2]e] /2] ZiAA et &
2] A =du]o] I f2] Ho] =9 Wil o &
01 27 /o o 03%3 sttt o] HEdE 7t

= 92 A2ty 2 40Li,0-52B,035-8A1,039] 245 7]
gtoz Fe2] flo] 2% KP“’ Aol f-2 7R FFS
S7MAZTHA A5 e85

Li,0-B;03-Al;03 (LBA) 222 Li,0 (Sigma Aldrich,
97%), B,O3 (Sigma Aldrich, 99.98%), Al,03 (Junsei,
99.0%)5 Al A= ARE-SIA T LiOxf B,0s9] EH]
&0 3 249 BAE % & 2] Hdst YA 2
719t £3+S 9J5] a2 (Hantech, HSPM-1.5)2 & 400
rpmof| A 1A]7F & QF st} 0] 9 300 pme] A|HE &
of S AelE H &4 FL2 U7l 9171 stollA &
204 =70 1,000°C 30% =90 83 S Ao melt
quenchingsto] g4 =2 YZA|ZI T Ao J4H &

A
]
=
o T



J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 37, No. 4, pp. 445-450, July 2024: Lee et al.

@ zzuna
Or =0
» Oun2@

& DS THEFT @
Borate ceramic glass

Ball milled powder

Melt quenching
method

447

LiB,0;

b
WW .

Li,0/8,0,=1.0

Li,0/B,0,=0.77

10 20 30 40 50 60
20 (Degrees)

Li,0/B,0,=1.4

Intensity (a.u.)

Fig. 1. (a) Schematic illustration of the experimental processes to obtain borate ceramic glass via melt-quenching process and (b) XRD patterns

of the prepared samples by varying Li>O/B203 mole ratio.
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Fig. 2. DSC spectrum of the prepared samples by varying Li>O/B20;3
mole ratio.
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Fig. 3. (a) Photograph of sintered samples, (b~d) XRD spectrum of the sintered samples for the sintering temperature of (b) 450°C, (c)

500°C, and (d) 550°C.

Table 1. Densities of sintered samples by varying Li>O/B203; mole ratio.

Li20/B203=0.77

Li20/B203=1.0

Li20/B203=1.2 Lix0/B203=1.4

450°C - - - -
500°C 2.050 g/cm? 1.679 g/cm? 1.603 g/cm? 1.562 g/cm®
550°C 2.051 g/cm? 1.682 g/cm’® 1.613 g/cm’® 1.578 g/cm?

- The sample sintered at 450°C does not sinter well.
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