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ARTICLE INFO ABSTRACT

Keywords: In this work, perovskite-structured Lig 3755r0.4375Mo.25No.7503 (M=Ti, Sn, N=Nb, Ta) solid electrolytes were
Conductivity synthesized by conventional solid state reaction method. Phase compositions, fractured morphologies and
Ceramic‘s conductivities of these compounds were investigated by X-ray diffraction, scanning electron microscope and AC-
:eri‘;"self:c‘imlyte impedz.ince spectroscopy, respective.ly. X-ray diffraction fmalysis confirms that a'll of Lio_375Sr(.),4375M0_25N0_7503
Isostructure (M=Ti, Sn, N=Nb, Ta) ceramics present perovskite structure. Pure Lig 375S5r0.4375Tio.25Ta0 7503 and

Lig.375510.43755N0.25Tag 7503  perovskite ceramics were obtained. But impurities were detected in
Li.375510.4375Ti0.2sNbo7s03  and  Lig.3755r0.43755N0.25Nbo 7503.  Among all investigated compounds,
Lio.375S510.4375Ti0.25Tag 7503 shows the highest total ionic conductivity of 2.60 x 10"*Scm ™! at room tem-
perature and the lowest activation energy of 0.347 eV. Conductivities of Lig 375Sr0.4375500.25Ta0.7503 and
Lio.375570.43755N0.2sNbg 7503 were 4.4 X 107°Scem™! and 1.82 x 107°Scm™?, respectively. Their con-

ductivities were much lower than Li 375510 4375Tio 25Ta0 7503 and Lig 375570 4375 Ti0.25Nbg 7503.

1. Introduction

Research towards novel Li ions conducting ceramics is attractive
due to the interest for solid state batteries based on solid electrolyte [1].
A variety of oxides have been considered to be used as lithium ion
conducting materials. Based on structure of oxides, these lithium ion
conducting materials can be classified into several groups, including (a)
simple oxide salts [2]; (b) LISICON type [3,4] Lis2,Znj _,GeOy; (c)
NASICON  [5,6] type compounds Lij3Ti; 7Alg3(PO4)3 and
Li; 5Ti; 7Geo3(POy4)s; (d) garnet-type LiyLasZr,O;, [7] and (f) per-
ovskite-structured Las 3 —4Li3xTiO3 [8]. Among these solid state lithium
ion conducting materials, perovskite (ABO3) type Lig sLag sTiO3 (LLTO)
is one of the most promising solid electrolytes. LLTO exhibits high bulk
conductivity of 10~2 S em ™!, which is attractive for the application in
all solid state Li ion batteries [9]. However, there are two drawbacks for
LLTO ceramics, (a) low grain boundary conductivity (10"°>S cm™1) at
room temperature and (b) Ti*" in LLTO can be reduced to Ti** when it
is in contact with metallic lithium [10-13]. A lot of works have been
done aiming at improving performance of perovskite type solid elec-
trolytes. Thangadurai et al. [14] studied crystalline structure and ionic
conductivity of a series of novel perovskite Li ion conductors with the
formula of LiSr g5B; 3B’1.709 (B=Ti, Zr; B’=Nb, Ta). These compounds
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present perovskite structure and high Li ion conductivity. Researchers
[15-18] further optimized composition of LiSr; ¢5B;.3B’1 709 (B=Ti, Zr;
B,:Nb, Ta). They found that Lio'3758r0'4375M0'25N0'7503 (M:Zr, Hf;
N=Nb, Ta) exhibits the highest Li ion conductivity among corre-
sponding material system. Furthermore, sintering additives and
powder-bed sintering method are beneficial to improve conductivity of
solid electrolyte [19-21].

sn** and Ti** have similar chemical and physical properties with
Zr** and Hf*". So, Lig.375Sr0.4375Mo.25No 7503 (M =Ti, Sn; N=Nb, Ta)
may have high conductivity as well as Lig 375570 4375Mg.25Ng 7503
(M=Zr, Hf, N=Nb, Ta). But as far as we know,
Lig 375510.4375Mp.25No 7503 (M =Ti, Sn, N=Nb, Ta) have never been
reported. In this work, the novel perovskite oxides
Lio.375510.4375M0.25No.7503 (M=Ti, Sn, N=Nb, Ta) were synthesized
and characterized. Furthermore, structure and conductivity of deriva-
tive LigsSrg.25MosWo 503 (M=Ti, Sn) were also studied (shown in
Supplementary materials).

2. Experimental

Lio.375510.4375M0.25N0.7503 (M =Ti, Sn, N=Nb, Ta) ceramic samples
were synthesized by solid state reaction method. Stoichiometric
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Table 2
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Densities, total conductivities and activation energies of ceramic pellets.

Samples Density/g cm > Conductivity/S cm™ Activation energy/eV
LSTT 3.92 2.60 x 1074 0.347
LSST 5.32 0.46 x 1074 0.377
LSTN 3.51 0.44 x 1074 0.405
LSSN 4.07 1.82 x 107° 0.420
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Fig. 1. XRD patterns of ceramics.
Table 1

Compositions and lattice parameters of ceramics.

Compounds Compositions Lattice Parameter/ A
LSTT Lio.3755T0.4375T0.25Ta0.7503 3.979
LSST Lio 375570.43755n0.25Ta0.7503 3.986
LSTN Lio.375S8r0.4375Ti0.25ND0.7503 3.979
LSSN Lio.3755T0.43755n0.25Nb0.7503 4.003

amounts of Li,COs3, SrCOs3, TiO,, SnO,, Nb,Os, and Ta,Os were used as
starting material. 20 wt% excess Li,CO3; was added into starting
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materials due to the evaporation of lithium during high temperature
sintering processing. These raw materials were mixed thoroughly by
ball-milling with ethanol as solvent. The ground powders were then
transferred into a glass dish to evaporate solvent. Then the powders
were transferred into an alumina crucible and heated to 1100 °C for
15 h in a furnace. The resultant powders were pressed into pellets with
the diameter of 15 mm by using isostatic pressing at 200 MPa for 9 min.
These pellets were sintered in the furnace in a covered zirconia crucible
(1450 °C for Sn-containing compounds and 1350 °C for Ti-containing
compounds, respectively). Each pellet was covered by corresponding
mother powder during sintering.

X-ray diffraction patterns were recorded with panalytical X' Pert
PRO with a Cu Ka radiation in a range of 26 from 5° to 90°. Ionic
conductivities of ceramic pellets were determined via impedance
spectra using a Solartron 1260 impedance analyzer. To carry on the
impedance measurements, Au ink was painted on both surfaces of
ceramic pellets as electrode. The measurements were performed in a
range of frequencies from 10 MHz to 1 Hz and in a temperature range
from 15 °C to 120 °C with an applied voltage of 500 mV. The fracture
microstructure of the ceramic pellets was recorded using scanning
electron microscope (SEM) with JEOL-7600F.
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Fig. 2. SEM images of LSSN (a), LSTT (b), LSST (c) and LSTN (d).
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