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a b s t r a c t

Dense Li5ReSi4O12 (Re = Nd, Gd) ceramic materials with densities of 3.0–3.1 g/cm3 were synthesized
by a solid-state reaction method. The samples were characterized by X-ray diffraction (XRD), scan-
ning electron microscopy (SEM) and electrochemical impedance spectroscopy (EIS). The conductivity of
Li5NdSi4O12 was 1.2 × 10−2 mS/cm at 550 ◦C and 2.5 × 10−4 mS/cm at 350 ◦C, respectively, with activation
energy of 0.84 eV. Li5GdSi4O12 with activation energy of 0.90 eV had conductivities similar to Li5NdSi4O12,
suggesting that neither rare earth ion significantly affected the properties of Li5ReSi4O12.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

Li-ion conducting solids are materials of increasing interest
because of their possible use as solid electrolytes in high-energy
solid-state batteries [1–4]. Liquid-free batteries have various
advantages over currently commercialized ones. These include
safety issues caused by flammable organic electrolytes and irre-
versible capacity loss during cycles and storage originated by the
solid electrolyte interface [5–7]. Therefore, solid-state electrolytes
with chemical stability and high ionic conductivity have been con-
sidered as candidates to substitute liquid organic electrolytes in
Li-ion batteries.

A wide variety of inorganic materials, such as sulfides [4,8,9],
hydride-based materials [10–12], and perovskite-type (ABO3)
oxides (A = Li, La and B = Ti) [1,13], have been found to exhibit
high lithium ionic conductivity for low temperature application.
On the other hand, recent studies on high temperature Li-ion
conductors are also attracting attention in order to develop high
temperature batteries [14–16] and other electrochemical devices
[17]. Some lithium rare earth silicates (LiLnSiO4, Ln = La–Dy) with
apatite structure have thermal stability and relatively high con-
ductivity at over 500 ◦C [18]. Furthermore, NASICON-type alkali
rare earth silicates, such as Na5ReSi4O12 (Re = rare earth metal)
[19,20] and Na3+3x−yRe1−xPySi3−yO9 [21,22], show excellent ionic
conductivity. For instance, the ionic conductivity of Na5ReSi4O12 is
over 10−2 S/cm at 300 ◦C [20]. Such a structure consists of Si12O36
metasilicate rings stacked along the threefold axes of the rhom-
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bohedral space group. Na+ ions in the sites between the rings
are mobile, resulting in the super ionic conductivity [19]. For this
reason, we attempted to synthesize Li-substitution Na5ReSi4O12-
type of materials (Li5ReSi4O12, Re = Nd, Gd), and characterized their
properties.

2. Experimental

Li5NdSi4O12 powder was synthesized by a solid-state reaction method. Stoichio-
metric amounts of high-purity Li2CO3, Nd2O3 and SiO2 powders were mixed by ball
milling in ethanol for 48 h, followed by drying in an oven and calcination at 850 ◦C
for 12 h in air. The calcinated powder was ground and mixed again, followed by
the second calcination under the same conditions as the first time. The sample was
cooled to room temperature, ground and manually pelletized using a disk-shaped
mold. The pellets were sintered at 960 ◦C for 6 h in air to get dense ceramic materials.
The final products of Li5NdSi4O12 were blue. The overall reaction for formation of
Li5NdSi4O12 is given by the following reaction:

5Li2CO3 + Nd2O3 + 8SiO2
�−→2Li5NdSi4O12 + 5CO2 (1)

A similar synthesis method was applied to prepare Li5GdSi4O12 powder and ceramic.
However, the final products of Li5GdSi4O12 were white.

The morphology of the samples was revealed by using scanning elec-
tronic microscopy (SEM, LEO 1530). The crystal structure and phase purity
was analyzed by using X-ray diffraction pattern (XRD, X’Pert PRO Alpha-1).
Conductivity measurements from 300 to 550 ◦C were carried out with AC elec-
trochemical impedance spectroscopy (EIS) by using a Solarton 1255 impedance
analyzer with a Solarton 1287 electrochemical interface in the frequency range
of 10 Hz to 5 MHz, with an AC perturbation voltage of 10 mV. Conductive sil-
ver paint was used as electrodes. Ionic conductivity values were calculated with
� = d/(R × S), where d denotes the sample thickness, S the area of the electrodes
and R the sample resistance, which can be obtained from complex impedance
plots.
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Fig. 1. XRD patterns of Li5NdSi4O12 after calcination and sintering.

Fig. 2. SEM images of Li5NdSi4O12 after (a) calcination at 850 ◦C and (b) sintering at
960 ◦C, respectively.

Fig. 3. SEM images of Li5GdSi4O12 after (a) calcination at 880 ◦C and (b) sintering at
980 ◦C, respectively.

3. Results and discussion

Fig. 1 shows the XRD pattern of Li5NdSi4O12 after calcination
and sintering. No peak of Li2O, Nd2O3, or SiO2 was found. How-
ever, the peaks of LiNdSiO4 were detected after the first calcination,
indicating that the solid-state reaction was not completed. Repeat-
ing grinding and mixing of the sample would facilitate the solid
reaction. After the sample sintered at 960 ◦C, the peaks of LiNdSiO4
disappeared. Fig. 2 shows SEM images of the Li5NdSi4O12 powder
and pellet, respectively. The grain sizes of Li5NdSi4O12 after cal-
cination at 850 ◦C were 200 nm to 1 �m. The cross-section image
shows that the pellet was dense after sintering. The density of the
ceramic was 3.0 g/cm3. Fig. 3 shows that the grain size distribution
of Li5GdSi4O12 powder was also in the range of 200 nm to 1 �m.
Likewise, the Li5GdSi4O12 pellet was dense after sintering, with a
density of 3.1 g/cm3.

Fig. 4 shows typical AC impedance spectra of both Li5NdSi4O12
and Li5GdSi4O12 pellets at different temperatures. In Fig. 4(a), the
impedance of Li5NdSi4O12 is associated with the large semicircle
starting from the origin and ending at about 1.6 × 104 �, imply-
ing that the resistance of the Li5NdSi4O12 specimen was about
1.6 × 104 � at 550 ◦C. The impedance of the specimen increased



Download English Version:

https://daneshyari.com/en/article/1617912

Download Persian Version:

https://daneshyari.com/article/1617912

Daneshyari.com

https://daneshyari.com/en/article/1617912
https://daneshyari.com/article/1617912
https://daneshyari.com

