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Abstract This study investigates the effect of the microstructure of Li;341,5Ti 7(PO4); (LATP), a solid electrolyte, on
its ionic conductivity. Solid electrolytes, a key component in electrochemical energy storage devices such as batteries,
differ from traditional liquid electrolytes by utilizing solid-state ionic conductors. LATP, characterized by its NASICON
structure, facilitates rapid lithium-ion movement and exhibits relatively high ionic conductivity, chemical stability, and
good electrochemical compatibility. In this study, the microstructure and ionic conductivity of LATP specimens sintered
at 850, 900, and 950°C for various sintering times are analyzed. The results indicate that the changes in the
microstructure due to sintering temperature and time significantly affect ionic conductivity. Notably, the specimens
sintered at 900°C for 30 min exhibit high ionic conductivity. This study presents a method to optimize the ionic
conductivity of LATP. Additionally, it underscores the need for a deeper understanding of the Li-ion diffusion

mechanism and quantitative microstructure analysis.
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1. Introduction
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Algte] 7Rk AaA Fald FoAHE 53] FaT
Li;y Al Ti, PO,);(LATP)= NASICON T-£5 7}A|H, o]
TZ2= YF o9 wWE olFS 7heshA 2, 3.
LATPO] o] AxT+= 4kskE 7]Rke] ofE 1A do
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2. Experimental Procedures

B Aol A8-%E= LATP(Lithium Aluminum Titanium
Phosphate, Sigma Aldrich, USA)<= Li| 34ly3Ti, ,(POy); =
4 7RIt LATP A9 o]2d=® S4S 93 A1
A= 2hge 1 10 gk v AR A2 o)
LATP £ 2g& 27 20mme] 953 & £0 22
5 WA Zek=v) A4 (Spark Plasma Sintering, SPS, FCT
group, Germany) “JH]2] J35} Hx|o 1143} T}.
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Fig. 1. Flow chart of specimen preparation process.
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Fig. 2. Schematic of the spark plasma sintering process.
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2% Al gehds BEsh| flal, A WA T
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3. Results and Discussion
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Fig. 3. SEM image of as-received LATP powder. (a) X500 (b) X10,000.
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Fig. 6. SEM micrographs of fractured surface of specimen sintered at 950°C for (a) 15 min, (b) 30 min, and (c) 60 min.

oA 308 AZA3F A|H] wlA| 2218, 900°CA 30%&
2743 A AT FARE B TZRE BHo, 2 grjSe] ¥l
2=

T4 o o) gldtt 18 6 (o) 950°C A 60
2435 AR wA LI, T AlHY HAlFER=
o2 A w9 2 vgd JAE ERlETh YA Yol
23l 71850] Wol #AEM, o] JAPIge] el
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Fig. 7. Nyquist plots for samples sintered for (a) 15 min, (b) 30 min, (c) 60 min at various temperatures: 850°C, 900°C, 950°C.

Table 1. Ionic conductivity of LATP from 850°C to 950°C

AR

peras 15min 30min 60min
850°C 5.079E-05 S/em 3.664E-05 S/cm 6.294E-05 S/cm
900°C 4.976E-05 S/cm 2.252E-04 S/cm 6.369E-05 S/cm
950°C 6.238E-05 S/cm 1.177E-04 S/cm 8.336E-05 S/cm
2.50E-04
2 2.00E-04
=
S 1.50E-04 .
"g 2
) =
S 1.00E-04 2
E 950°C o0
= 5.00E-05 900°C 5
850°C =
0.00E+00

15min

30min

60min

Sintering time

m850°C m900°C m950°C

Fig. 8. Ionic conductivity plot showing dependence on sintering temperature and times. Note that the maximum ion
conductivity occurs at a sintering temperature of 900°C and the sintering time of 30 mins.
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Fig. 9. Schematics of Li migration path in the microstructure with (a) small grains, (b) large grains, and (c) bimodal distributed

grains.
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