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Abstract: Lithium-ion batteries are widely used in various applications, including electric vehicles and portable electronics, due

to their high energy density and long cycle life. The performance of lithium-ion batteries can be improved by using solid
electrolytes, in terms of higher safety, stability, and energy density. Li1.sAlosTii.s(PO4); (LATP) is a promising solid electrolyte
for all-solid-state lithium batteries due to its high ionic conductivity and excellent stability. However, the ionic conductivity of
LATP needs to be improved for commercializing all-solid-state lithium battery systems. In this study, we investigate the
microstructures and ionic conductivities of LATP by incorporating B20s glass ceramics. The smaller grain size and narrow size
distribution were obtained after the introduction of B203 in LATP, which is attributed to the B2Os glass on grain boundaries of

LATP. Moreover, higher ionic conductivity can be obtained after B2O3 incorporation, where the optimal composition is 0.1 wt%

B20s incorporated LATP and the ionic conductivity reaches 8.

8x107 S/cm, more than 3 times higher value than pristine LATP.

More research could be followed for having higher ionic conductivity and density by optimizing the processing conditions. This

facile approach for establishing higher ionic conductivity in L

all-solid-state lithium batteries.
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ATP solid electrolytes could accelerate the commercialization of

OIRFAIE A7IAE L HONE AR Fol e

o 22 o|xbE x| o] 7hwre ulafe] ofjuix]e]
85 9lol BrEA] A 71E 2 R 9l
2}, ot

o
=
A =

Azl thet 85 YSFAIA CO, i

£ Weon Ho Shin; weonho@kw.ac.kr
Copyright ©2023 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.

& e Al Ve 2 wHE L Qlo} [1-3]. R AME-E =
2 29] o] X}A K] &= 2] o] & X](lithium ion battery,
LIB)QIH] 2ol 2 A= a4 410l 7hHsstl Y=t =
ot Abo] 7Hs stk 5 Thgsh g o] EANE (4]
SHAITE 7]1&9] 2 &0l 2Rl = F 404 Fol =&
S AL mER o) 2% 9@ 4e] ke A
Q) o] EAIEICHS,6]. B ARt A B Sk 2] A

7Rkl A = 2l Fol A7t FsA Hote 2 ¢

Yulsht A 5 ook o] 2 s 9la) A nAFA|



628

g} o

(all solid state lithium battery, ASSLB)E &3]
ol gl M2 FEIY AR A7t &gs] 7l
o} [7,8].

RIAAAR] = 71E9] 2] §o] =4 A9 A A6
Al el dsid = w7dsto] S 2 A
2% JAX] A|AEo|th A AR o] AREE]= 1A
A2 ARHsHA ] vls] 2] Y do] A &S
2 4 4 Qo] oY A] et =tk gAl o] A
[9-11]. AAIASHA 2 2A Fah=A], Atst=7, E24 o]
27 37X g BA o= EAfR). &eteAl= 371K &
3 FolA 7H} o] A T =7t = X| g, T 7] FoflA] EQHA
o, di7]ell =& Al Fehpactes AR Jaligh 7kA7t
S0 @0l &gttt [12]. AstEAl= Bi7] S0l
st ARl o g ol e eyt vt [13]. 2o A
122 714 A2l o, o] 2=t Hon, 1
of ;1] A-50] ol @0l At [14]. 2 AFM =
7] oA S, 2 o] 2 = =Tt ¥ 7hE sk AtE)
= AN S AL st A} ghet

At AAIRGHA &=l = 7l (garnet), LA
F(NASICON), ZA]ZFH(LISICON), H2HATJIO|EH
(perovskite) o]ZE7] tjmAoz A7X7} EXfRT
5,16]. 712 A7) ete} bl /d o] =XIgh, 571 S-ollA

o

=
=
=0

—

M o

O Jo & 2 K

ol ogh 2

0 ol o

ol

d

—
—_

BOMYEH 1ARE JIX| L A1, YA 2 ARIF 0w A
=0 58} O S J1A| T QAR 24 Linko] & 9Hy
do] EA] oFw, 2JAl &L Li 22110 oA o] =A|g
Fo oleHEEE VAL Qlu, HEBAT O EFS £
© a}stA] O A]S 7R L QAR TR] AL RO A O] =
o A& 7Hx| = EAo] 9t} B A oA =2 J|AA
Ze, =L oleREr, 515MA o2 L otyd o] g2 U
A28 TARNAS ALstAt [17]. UAI2E Y] TAA
S AeoAo] o] ez e} 10°~10°S/cm = Ut
97 == o] HA Ms| Ao uls]A LAFs] Fe o

tf e AP HERos Aol oF 107
S/cm A zolc} [18]. UAIZ& o] nAIAs|A0] o] X =
=2 g22)7] 9ol Y42 =yl IH uAAHAS o
< AWstely o @re Li vkl 2 FAsto] E42 A
gk 2 QlohH[19]. o] @A = & & =0]7] 93] Sc™, Y, Mg
& AFst4Tt +34 +27191 YA Ti' Abo] o] s}

2
71E Aol 2 YAIEYP & & LiisAlgsGers(POs)s
(LAGP) #tx0f B,O3s EHEE A7} [23]sf0] o] 2w
o] g5 st o, LiisAlosTiis(POs)s (LATP) F£&
o B,OsE A7Ist A4t EASHA] iltt. Tep & A
TR1& LATP F:x20] BOs =HES F7igh G &l tish

HEEg ol Apst s 213 Folct[20-22].

J. Korean Inst. Electr. Electron. Mater. Eng., Vol. 36, No. 6, pp. 627-632, November 2023: Kwon et al.

AL =] At

L EARL Li,COs3(>99.0%), Al,O3(>99.0%), TiO,
(>99.0%), NH4H(PO)4(=99.0%) ¥ B;05(=99.0%)Z ©]
&5ttt 41 LATPY] s}etetEA ulof st = A<k
g B,052 0, 0.01, 0.05, 0.1 wt%S Z7}sto] Al2fst
1 4S8l HPLC 559 99.9%9] ofgh-Eof 4
oF Bala) g X885}t 0]S SHE o] E 9

7

N
SN
>
N
L=

o
o
S

- 2202 '«
Sl oEZS G5 SEATIAL ARA]
0°Cof|A] 4A

o ofn

N
—_

s

.000°Cofl A BAIZE &
= 475t sh7] sk
steict. g4 e 7
(X-ray diffraction, XRD)a}t =AM R}
scanning electron microscopy, SEM) £4-&
sfolatiry. A7]sket S48 Wotsl] Slaf el o
712 golm 2 ZF1 QUICK COATER (SC-701 Mk
bol W2 oF% mwio] Aug FAC A3}
A(electrochemical impedance spectra,
) BA1-2 BiologicAle] SP-2402 &85} 0.1 Hzoj
A 7 MHz9] F}2 weloA] 242 ARstecy.

28 12 249 BE59 XRD miglo|t}. & MES
< FARRE HiES Holnf, 42 53 (rhombohedral)
T29] LiTip(PO4)3 (LTP)RF 5L A &l o~ glon
(JCPDS # 35-0754), @apA dsh= gol 454
5o} 9182 o & 9Ir}. B,0s2] W3
A=A 94t ow, of= B,0s7F LATP 3
SO R AY v A (glass) FEIZ LA EAL 4~
ma50] A|mET} 7 o] £Rs}A] b Ao B

I=]
)
{or

o L1 9
b~
|7
i
g
pat-
fo =
4
=

o
f
oz
il 3
o
MM
=

Ao
£
D

b o 2 g
i

O~y
>

o
(R

rr
Y

Jo o2 o
[~
.

mo St &
S O
EoooF
ol
i)

r

1% = g oofm et BYomg rQ ol ol
DO

mm

o

=2
n

4

LATP

ol B,0, 0.01 wt %

B,0, 0.05wt %

Intensity (a.u)

. I . B,0, 0.1 Wt %

LTP #35-0754 R-3¢ (167)

10 20 30 40 50 60 70
2-Theta

Fig. 1. XRD patterns of x wt% B20Os incorporated LATP sintered
pellets (x =0, 0.01, 0.05, and 0.1).
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Fig. 2. SEM images of (a) top view, (b) cross section, and (c) grain size distribution of LATP, (d) top view, (e) cross section, and (f) grain size
distribution of 0.01 wt% B20Os incorporated LATP, (g) top view, (h) cross section, and (i) grain size distribution of 0.05 wt% B20s incorporated
LATP, and (j) top view, (k) cross section, and (1) grain size distribution of 0.1 wt% B20s incorporated LATP.
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Fig. 3. Nyquist plots of x wt% B20s incorporated LATP sintered pellets (x =0, 0.01, 0.05, and 0.1), (a) full range plots and (b) enlarged plots

of high frequency region.
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Table 1. The ionic conductivities, relative densities, thicknesses, and diameters of x wt% B20; incorporated LATP sintered pellets (x =0, 0.01,

0.05, and 0.1).
Tonic conductivity Relative density Thickness Diameter
Sample
(S/cm) (%) (mm) (mm)
LATP 2.4x107 90.20 2.51 16.83
LATP - 0.01 wt% B203 2.6x107 90.62 2.42 16.94
LATP - 0.05 wt% B20s3 4.9x107 90.57 2.55 16.90
LATP - 0.1 wt% B20s3 8.8x10°° 85.80 2.55 17.49
10 - — 100 ORCID
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Fig. 4. The ionic conductivities and relative densities of x wt% B20s
incorporated LATP sintered pellets (x =0, 0.01, 0.05, and 0.1).
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