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Fig. 1. X-ray diffraction pattern: (a) Sintered at vari-
ous temperatures (600-1000 °C) for 4 h; (b) different
percentages (0-3%) of flux were added then sintered
at temperature 900 °C for 4 h.
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Fig. 2. EDS of LATP sintered at temperature 900 °C.
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Fig. 3. Scanning electron microscope (SEM) micropho-
tographs of LATP thick films sintered at temperature
900 °C: (a) Fluxless; (b) 1 wt.% B20Os3; () 2 wt.% B2Os;
(d) 3 wt.% B2Os3.
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Fig. 4.

spectra of samples sintered at different temperatures
(600-1000 °C) for 4 h.

(color online) Alternating-current impedance
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Fig. 5. Density of LATP obtained at different sinter-

ing temperatures and LATP sintered at 900 °C with
added flux B2Os3.
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Fig. 6. Alternating—current impedance spectra at room
temperature for thick films: (a) With different mass frac-

tion B20O3 added; (b) with different mass fraction LiBO2
added.
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Fig. 7.
mass percent fluxes of BoO3 and LiBOs added.

Conductivity of the samples with different

®1 AFTENEN LAPT B FHSER
Table 1. Ion conductivity of LATP prepared by different
methods.

FRETHRSE

4 7 v /103 Scm-1 SCHR

R T R
(aerosolziiiii/?iethod) 362 [16]
BRI (Sol-gel) 1.32 [13]
Pechini £ /% 0.6 [34]
RS B T 4% (SPS) 1.12 [35]
(mechafifiﬁ)jnﬁ{iethod) 109 1361
TR IREERSIR INBIE T LiBO2 0.395 [21]
WAL % (NPP) 0.22 [37]
It HH e 4t 72 0.416 AL
&l AR RPE 45 VAR I B % 77 LiBO2 1.25 AL
| AR E R I 577 B2Os 1.61 'S
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Abstract

Using solid electrolyte instead of liquid electrolyte is regarded as an important measure to solve the safety
problems of lithium ion batteries, and has attracted wide attention of researchers. Among many solid electrolytes,
Li1.3Alp.3Ti1.7(PO4)s (LATP) is considered to be one of the most commercially available solid electrolytes for its high
ionic conductivity. However, as a replacement substitute of for liquid electrolyte, the LATP solid electrolyte has an
ionic transport property of LATP solid electrolyte that still needs to be improved. In this paper, LATP solid electrolyte
used for lithium ion batteries is successfully prepared by solid reaction process, and the influences of different sintering
temperatures and addition of flux BoOs and or LiBO2 on the ionic conductivity of LATP solid electrolyte are discussed.
The structures, element content, morphologies, and ionic conductivities of the sintered samples are investigated at room
temperature by X-ray diffraction, energy dispersive spectrometer, electrochemical impedance spectrum and scanning
electron microscopy. It is found that pure phase LATP ceramic solid electrolyte can be obtained at the sintering temper-
atures between 800 and 1000 °C. And the ionic conductivities of the samples first increase first and then decrease with
the increasing sintering temperatures increasing. The sample with a highest ionic conductivity of 4.16 x 10™* S/cm can
be obtained at the a sintering temperature of 900 °C. Further research shows that the ionic conductivities of the sintered
samples can also be effectively improved by using B2Ogs instead of LiBO2 as flux. Moreover, the ionic conductivities
of the samples first increase first and then decrease with the increasing amount of the flux increasing. And the highest
ionic conductivity of 1.61 x 10™% S/cm is obtained with the sampleby adding B2O3 with a mass fraction of 2 % into
the sample. The results indicate that the elevating of sintering temperature and the adding of flux B2O3 and or LiBO2
can both decreasing reducing the grain boundary impedances of the LATP samples, so as to thereby improve improving
their ionic conductivities. However, when the sintering temperature is higher than 900 °C or the amount of flux B2O3
and or LiBO2 exceeds the mass percentage of 2%, the ionic conductivities of the LATP samples will drop. In addition,
the ionic conductivities of the samples used using B2O3 as flux are higher than that those of the samples used LiBO3 as
flux. These results also indicate that the increases of ionic conductivities of LATP samples with flux is are closely related

to their densities density and compactness, and is irrespective of no matter whether or not the flux contains lithium ion.

Keywords: solid electrolyte, Lij 3Alg 3Ti1.7(POy4)s, flux, solid state sintered technology.
PACS: 82.47.Aa, 66.30.—h, 82.45.Gj DOI: 10.7498/aps.66.208201
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