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Abstract: With the growing demand for high-safety and high-energy-density energy storage systems, all-solid-state lithium
batteries (ASSLBs) have attracted extensive attention due to their excellent safety and potential high performance. Among them,
the solid electrolyte is a key component. This study systematically investigates the effects of LisAlFs as a sintering aid on the
sintering behavior, crystal structure, microstructure, and electrochemical performance of LLNO (Lio2sLao2sNbOs) ceramics. LLNO
ceramic samples with different LizAlFs doping levels (0-8 wt.%) were prepared via a solid-state reaction method and sintered at
1050 °C and 1100 °C. The samples were characterized by XRD, SEM, AC impedance spectroscopy, and DC polarization testing. The
results indicate that LisAlFs significantly reduces the sintering temperature of LLNO and promotes the densification process.
However, excessive doping (8 wt.%) leads to the formation of impurity phases such as AlFs, increases grain boundary resistance,
and reduces ionic conductivity. The sample with 5 wt.% LizAlFs sintered at 1050 °C exhibits the best overall performance: an ionic
conductivity of 2.08 x 10 S-cm™ and an activation energy of 0.340 eV. Although its conductivity is slightly lower than that of pure
LLNO (4.12 x 10 S-cm™) sintered at 1100 °C, the introduction of LisAlFs provides a feasible route for low-temperature sintering,
which is beneficial for future co-sintering integration with electrode materials.
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Vpliv Li;AlFs kot sintrnega dodatka na strukturo

in prevodnost keramicnih trdnih elektrolitov
Li0,25La0,25Nb03

Izvlecek: Zaradi narascajocega povprasevanja po sistemih za shranjevanje energije z visoko varnostjo in visoko energijsko gostoto
so litijeve baterije v trdnem stanju (ASSLB) pritegnile veliko pozornosti zaradi svoje izjemne varnosti in potencialne visoke
zmogljivosti. Med njimi je trdni elektrolit klju¢na sestavina. Ta Studija sistemati¢no preucuje ucinke LisAlFs kot pomoZznega sredstva
na sintranje, kristalno strukturo, mikrostrukturo in elektrokemijsko zmogljivost keramike LLNO (Lio2sLao2sNbOs). Keramicni vzorci
LLNO z razli¢nimi stopnjami dopiranja z LisAlFs (0—8 mas. %) so bili pripravljeni s postopkom trdnofazne reakcije in sintrani pri
1050 °Cin 1100 °C. Vzorci so bili karakterizirani z XRD, SEM, AC impedancno spektroskopijo in preskusom DC polarizacije. Rezultati
kazejo, da LisAlFs znatno zniza temperaturo sintranja LLNO in pospesi proces zgos¢evanja. Vendar prekomerno dopiranje (8 mas.
%) vodi do nastanka necistih faz, kot je AlFs, poveca upornost na mejah zrn in zmanjsa ionsko prevodnost. Vzorec s 5 mas. % LizAlFs,
sintran pri 1050 °C, kaze najboljso splosno zmogljivost: ionsko prevodnost 2,08 x 10° S-cm™ in aktivacijsko energijo 0,340 eV.
Ceprav je njegova prevodnost nekoliko niZja od prevodnosti ¢istega LLNO (4,12 x 10S-cm™), sintranega pri 1100 °C, vnos LisAlFs
ponuja izvedljivo pot za sintranje pri nizki temperaturi, kar je koristno za prihodnjo integracijo so-sintranja z elektrodnimi materiali.

Klju¢ne besede: Lio2sLao2sNbOs, LisAlFs, dodatki za sintranje, keramika
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[ Introduction

The escalating global demand for renewable energy and
high-efficiency energy storage systems has positioned
lithium-ion batteries (LIBs) as a cornerstone technology
for portable electronics, electric vehicles, and large-scale
grid storage [1-3]. However, conventional LIBs
employing flammable organic liquid electrolytes pose
significant safety risks, including leakage, combustion,
and explosion, which hinder their applications in more
demanding scenarios [4, 5]. In response to these
challenges, all-solid-state lithium batteries (ASSLBs)
have emerged as a promising next-generation energy
storage technology due to their inherent safety, potential
for higher energy density, and longer cycle life [6, 7].
The solid-state electrolyte (SSE) is the heart of an
ASSLB, functioning not only as the Li" ion conductor but
also as a separator to prevent short circuits between the
cathode and anode. Thus, the properties of the SSE
directly dictate the overall electrochemical performance
of the battery [8, 9]. Among the various types of SSEs
under investigation-including oxides, sulfides, polymers,
and  halides-oxide-based SSEs have attracted
considerable attention owing to their excellent chemical
stability, high mechanical strength, and wide
electrochemical window [10, 11]. Prominent examples of
oxide SSEs include the perovskite-type (e.g., LizxLays.
«T103, LLTO), NASICON-type (e.g., LiixAlTi.
«(PO4)3, LATP), and garnet-type (e.g., LisLazZrO1s,
LLZO) structures [12-14].

Within the perovskite family, lithium lanthanum niobate
(LixLa(1xy3sNbOs3, often denoted as LLNO for specific
compositions) has been recognized as a promising
lithium-ion conductor. The composition Lig2sLag2sNbO3
(LLNO), in particular, exhibits a relatively high bulk
ionic conductivity and good thermal stability [15, 16]. Its
structure provides interconnected pathways for lithium-
ion migration, making it a candidate for ASSLB
applications [17]. Despite these advantages, the practical
application of LLNO, like many other oxide ceramics,
faces several formidable challenges. A significant issue
is the high grain boundary resistance, which often
dominates the total resistance and limits the overall ionic
conductivity [18]. Furthermore, the conventional
synthesis of dense LLNO pellets typically requires high
sintering temperatures (often 1100 °C) to achieve
sufficient densification and grain growth [19, 20]. Such
high-temperature processing is energy-intensive and can
lead to undesirable phenomena, most notably lithium loss
due to volatilization. Lithium deficiency can
subsequently lead to the formation of secondary phases
(e.g., LaNbOy) and the creation of point defects, both of
which can detrimentally affect the ionic transport
properties and microstructural homogeneity of the final
product [21, 22].

To address these issues, various strategies have been
employed, including elemental doping, composite
formation, and the use of sintering aids [23, 24]. The
introduction of a sintering aid is a particularly effective
approach for lowering the sintering temperature. These

additives, often with lower melting points, can form a
transient liquid phase during sintering. This liquid phase
enhances mass  transport, promotes  particle
rearrangement, and facilitates densification through
solution-precipitation mechanisms, all at a reduced
overall temperature [25, 26]. Coble et al. a theory has
been proposed that adding MgO to Al,O; can inhibit
grain boundary migration and prevent secondary
recrystallization, thereby obtaining transparent alumina
[27]. Kenzhina et al. the addition of a small amount of
ZrO; (1-5 mol%) can effectively inhibit the grain growth
of BaTiO3, enabling the ceramics to achieve densification
at lower temperatures compared to pure BaTiOs. This
process results in a more uniform microstructure and
superior dielectric properties [28].

Recently, lithium-containing halides and fluorides have
been investigated as potent sintering aids for oxide SSEs
[29, 30]. Among them, LizAlFs, a lithium-aluminum
fluoride compound, is highly attractive due to its
relatively low melting point of approximately 790 °C
[31]. During high-temperature treatment, LizAlFs can
form a low-viscosity liquid that wets the oxide grain
boundaries, effectively reducing the energy required for
densification [32]. Moreover, as a lithium-rich
compound, Li3AlFs has the potential to supplement the
lithium content in the matrix, potentially compensating
for lithium loss during sintering and even modifying the
grain boundary chemistry to enhance Li" transport [33,
34]. But the role and impact of Li3AlF in perovskite-type
LLNO systems remain largely unexplored and poorly
understood. A critical knowledge gap exists regarding
how varying concentrations of LizAlF¢ influence the
crystal structure, phase purity, microstructure evolution,
and ultimately, the ionic conduction mechanism in
LLNO. It is crucial to determine the optimal doping level,
as an excess of Li3AlF could lead to the formation of
resistive secondary phases (e.g., AlF3, Al,O;) at the grain
boundaries, which might impede Li* migration and
degrade electrochemical performance [35]. A systematic
investigation is therefore necessary to elucidate the
underlying mechanisms and establish a composition-
structure-property relationship in the LLNO-LizAlF
system.

In this study, we present a comprehensive investigation
into the effects of LizAlFs doping on the sintering
behavior, phase composition, microstructure, and
electrical properties of LipasLagsNbO; (LLNO)
perovskite solid electrolytes. A series of ceramic samples
with nominal LizAlF¢ contents ranging from 0 to 8 wt.%
were prepared via the solid-state reaction method and
sintered at different temperatures. The crystal structures
were characterized by X-ray diffraction (XRD), the
microstructures were examined by scanning electron
microscopy (SEM), and the electrical properties were
evaluated by AC impedance spectroscopy and DC
polarization measurements. Our work aims to unravel the
dual role of LizAlFs as both a sintering aid and a
microstructural modifier in the LLNO system. The
findings provide valuable insights and a practical
pathway for the low-temperature fabrication of high-
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performance LLNO-based solid electrolytes, which is a
critical step towards their integration with electrode
materials in commercially viable all-solid-state batteries.

2 Experimental

Ceramic compounds of the nominal chemical
compositions Lig2sLag2sNbO3; (LLNO) and LLNO doped
with LisAlFs (1 wt.%, 3 wt.%, 5 wt.%, 8 wt.%) were
prepared by solid-state reaction method from
stoichiometric amounts of Li,CO; (AR, 99.0%, Chengdu
Cologne), La;03 (99.9%, Aladdin), Nb,Os (AR, 99.9%,
Aladdin), LizAlFs (99.0%, Hubei Shishun). Excess
LioCO; by 15 wt.%. LizAlFs powder was added to
starting materials directly with the calculated amount.
The raw material mixtures were homogenized via
planetary ball milling (250 rpm, 4h) using ethanol (AR)
as a liquid medium to ensure uniform particle
distribution.  Subsequently, the milled powders
underwent pre-calcination in a box furnace at 900 °C for
12 h under ambient atmosphere to decompose carbonate
and phosphate precursors. The calcined products were
then subjected to secondary milling for 2 h by using agate
mortar. The resulting powders were uniaxially pressed
into pellets (10 MPa) using a hydraulic press. Finally, all
pellets were sintered for 12 h at 1050 °C and 1100 °C.
The LLNO doped with LizAlFe (3 wt.%, 5 wt.%, 8 wt.%)
are melted on the sintering plate after sintering at 1100
°C. The detailed preparation conditions of all samples are
shown in Table 1. In the end, we obtained seven intact
samples of 1100 °C LLNO (sintered at 1100 °C), 1100
°C LLNO-LisAlFs 1% (sintered at 1100 °C), 1050 °C
LLNO (sintered at 1050 °C), 1050 °C LLNO-Li3AlFs 1%
(sintered at 1050 °C), 1050 °C LLNO-LizAlFs 3%
(sintered at 1050 °C), 1050 °C LLNO-LizAlFs 5%
(sintered at 1050 °C), 1050 °C LLNO-Li;AlFs 8%
(sintered at 1050 °C).

The phase composition of sintered pellets was
determined by X-ray diffraction (XRD; Bruker D8
Advance) using Cu Ka radiation (A = 1.5406 A) and
operating at a voltage and current of 40 kV and 40 mA,
respectively. The data were collected over a 20 range
from 10° to 80°. Microstructure were characterized using
scanning electron microscopy (SEM, Hitachi S-3000N).
The ionic conductivity of the samples was measured
using the HP 4192A impedance analyzer over a
frequency range of 5 Hz to 13 MHz. The Alternating
Current (AC) impedance spectra were recorded at
temperatures from 25 °C to 100 °C to determine
activation energies. Electronic conductivity was
evaluated by Direct Current (DC) polarization (ADCMT
6243R) under a constant 5 V bias applied for 6000 s at 25
°C. Both AC impedance measurements and DC
polarization tests utilized electronically conductive
graphite electrodes. Graphite was uniformly coated onto
both sides of the electrolyte pellets to serve as electrodes.
As graphite conducts electrons but cannot transport
lithium ions, it constitutes an excellent test electrode
material for this study.

Table 1. Preparation conditions of the samples

Sample Sintering Amount of
temperature Li;AlFs

1100 °C 1100 °C 0 wt.%
LLNO
1100 °C 1100 °C 1 wt.%
LLNO-

LizAlFs 1%
1050 °C 1050 °C 0 wt.%
LLNO
1050 °C 1050 °C 1 wt.%
LLNO-

LizAlFs 1%
1050 °C 1050 °C 3wt.%
LLNO-

LizAlFs 3%
1050 °C 1050 °C 5wt.%
LLNO-

LizAlFs 5%
1050 °C 1050 °C 8 wt.%
LLNO-

LizAlFs 8%

The density of ceramic samples was determined via the
Archimedes principle (water displacement method).
Prior to measurement, the samples were cleaned to
remove surface contaminants. The dry mass (m;) was
measured using an analytical balance by suspending the
sample in a corrosion-resistant wire basket. For the
measurement of the apparent mass in liquid (), the
entire setup was fully immersed in temperature-
controlled (25.0 = 0.1 °C) deionized water. Bubbles
adhering to the sample surface were removed by gentle
agitation. The sample was suspended at a depth of >20
mm below the water surface to avoid meniscus effects.
With the density of water (p;) taken as 1 g-cm?, the
density of the ceramic samples (p) was calculated using
the following formula:

P1 (1
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3 Results and discussion
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Fig. 1. (a) XRD result of ceramic pellets sintered at
1050 °C and 1100 °C, (b) reference pattern of
Lio(sLaoAsNb206 and Li3A1F6.

Fig.1. (a) shows the XRD patterns of LigsLag2sNbO;
(LLNO) doped with varying contents of LizAlFsat 1050
°C and 1100 °C, compared with the standard XRD
pattern of LigsLagsNbyOg (PDF#51-0401). The main
diffraction peaks for all samples belong to cubic
perovskite structure. Minor peaks from secondary phases
such as Li(NbO;) (PDF#70-4306), Al,Os; (PDF#86-
1407), LaNbOs (PDF#85-1107) and AlF; (PDF#47-
1659) are confirmed in LLNO sintered with varying
contents of LizAlFs. The peak intensity of Li(NbO3) and
AlF3 in LLNO sintered with LizAlF is found to be much
larger than in LLNO sintered without Li3AlFe. The result
suggests that during high temperature sintering, Li loss in
LLNO and Li3AlFs is easily occurred and results into the
formation of impurity phase such as Li(NbOs) and AlF;.
Specifically, Li(NbO;) was detected in all LLNO
composites containing >1 wt.% Li3;AlFs, while AlF3; was
additionally observed in the sample with 8 wt.% LizAlFs.
The diffraction peak intensities for both impurity phases
increased with the amount of added LizAlFs. It can be
seen that the diffraction peaks of all samples shift to
higher angles compared with the standard XRD pattern

of LigsLag sNb,Og. This shift is commonly interpreted as
lattice contraction, though further structural analysis
would be required to confirm this hypothesis. Thus,
taking into consideration the results of XRD mentioned
above, it may be concluded that the high contents of
LizAlFs lead to more impurity and the peak intensity for
LLNO phase is greatly reduced.

The LizAlFs (3 wt.%, 5 wt.%, 8 wt.%) modified LLNO
ceramic pellet sintered at 1100 °C is melted on the
sintering plate, which leads to the difficulty in obtaining
an intact pellet for characterization. In this system,
Li3AlFs acts as a sintering aid by forming a liquid phase
that facilitates densification at lower temperatures. Its
melting point is 790 °C, and we observed evidence of
melting in LLNO doped with LizAlFs (3 wt.%, 5 wt.%, 8
wt.%) samples at sintering temperatures of 1050 °C and
1100 °C. This liquid phase promotes ceramic phase
formation and significantly reduces the required sintering
temperature for LLNO. Consequently, no residual
LizAlFs diffraction peaks are detected in the final
composite ceramics (Fig. 1. (b)), indicating its complete
reaction or dissolution during the process.

Fig. 2 illustrates the fracture surface morphology of the
ceramic samples as observed by SEM. As shown in Table
1, the density of all ceramic samples falls within the range
of 4.6-4.8 g-cm™. All ceramic samples in Fig. 2
demonstrate a dense microstructure with minimal large-
scale porosity. It indicates that the synthesized ceramic
samples exhibit an excellent degree of densification. As
shown in Fig. 2. (d)-(g), we observed that some grains
failed to develop, which may be attributed to the
segregation of impurities at the grain boundaries during
the sintering process, forming low-melting-point glass
phases or secondary phase particles. These substances
pin the grain boundaries like “nails”, hindering their
movement and thereby inhibiting normal grain growth.
As shown in Fig. 2. (a) and (c), we found that after
reducing the sintering temperature by 50 °C, the LLNO
exhibited a plate-like tetragonal structure. This change
can be attributed to the deteriorated kinetic conditions for
grain growth resulting from the lower sintering
temperature. As shown in Fig. 2. (2)-(g), a multitude of
fine impurity particles can be observed, which are
attributed to Li3AlF¢ doping. In summary, the perovskite
structure of LLNO remained largely unchanged with
either lower temperature or higher Li3AlFs doping levels.
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Fig. 2. SEM images of fracture surface of the samples: (a) 1100 °C LLNO, (b) 1100 °C LLNO-LizAlFs 1%, (c) 1050 °C
LLNO, (d) 1050°C LLNO-Li3AlFs 1%, (e) 1050 °C LLNO-Li3AlF¢ 3%, (f) 1050 °C LLNO-Li3AlF 5%, (g) 1050 °C
LLNO-Li;AlF¢ 8%.
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Typical impedance plots of LLNO and LLNO doped with 15 B : ::33 g tt:g.uj ATF, 1%
varying contents of Li3AlFs at 25 °C are shown in Fig. 3. { - "\'--\%‘ A 1050 °C LLNO

(a). The semicircle by the grain boundary contribution is ol * SN ¥ 1050 °C LLNO-Li,AlF, 1%
observed at higher frequency range and a straight line at : . g \-*__:'\ ¢ 1050 °C LLNO-Li,ATF, 3%
lower frequency range. The ideal impedance spectrum of R I T T T 1050 °C LLNO-LL AIF 5%
solid electrolyte is composed by grains and grain _‘E 25 T 9. B:1050 °C LLNO-Li;AIF, 8%
boundaries and ion-blocking electrodes. It is identified in 5 I R S TR

the impedance spectra that the semicircle represents the ‘rj A e om
relaxation process in the grain boundaries, and the b30fF - T bt
straight line is attributable to the electrode polarization in 2 TR g

the blocking electrodes. The resistance and conductivity ael - :

of ceramic samples are listed in Table 1 at room ’

temperature.

The highest conductivity of ceramic pellets sintered at 40

1050 °C is 2.08 x 10® S:cm™! when LLNO doped with 5 Sl el R
wt.% Li3AlFe, which is larger than that of pure LLNO 26 27 28 29 30 31 32 33 34
sintered at 1050 °C is 1.16 x 10°° S-cm™!. As the sintering 1000/T (K-

temperature decreases from 1100 °C to 1050 °C, LLNO . . .

and LLNO-Li3AlFs 1% resistance increases from 50-100 Fig. 4. Arrhenius dlag(r)?:ﬁnoef) oramic pellets (color

kQ to 150-250 kQ. The reduction of resistance with
increasing the sintering temperature below 1100 °C is
caused by the densification and improvements in
intergranular connectivity. At the sintering temperature
of 1050 °C, however, LLNO-Li;AlFs 8% resistance is
estimated to be approximately 400 kQ and becomes
larger than the other ceramic samples. Increase in
resistance observed in the sample sintered at 1050 °C
may be caused by the formation of very small amounts of
secondary phases formed on the LLNO grain surface due
to excess doped with LizAlFs and Li volatilization.

Fig. 3. (b)-(f) presents the Nyquist plots for the
electrochemical impedance of all ceramic samples across
different temperatures. These plots reveal two key trends:
first, the overall impedance of the samples decreases
significantly as temperature increases; second, the linear
low-frequency tails of the plots gradually extend outward
with a slope approaching 45 degrees as the temperature
rises. As shown in Fig. 3. (f), it is observed that while the
impedance of LLNO-LizAlFs 8% is strongly
temperature-dependent, its values are markedly elevated
compared to the other ceramic samples throughout the
measured temperature range. As shown in Table 1, the
conductivity of LLNO-LizAlfs 8% is 5.93 x 107 S-em’!,
which is lower by one order of magnitude than that of the
other ceramic samples (10 S-cm™'). We believed that the
secondary phases contained in LLNO with 8 wt.% excess
Li3AlFs severely interfere with Li ion conduction at grain
boundaries.

Fig. 4 shows variation of the product of o and
measurement temperature T for all sintered LLNO as a
function of inverse of temperature T. E, of each sample
can be estimated from the slope of 6T in Fig. 4. E, tends
to decrease with increasing the contents of LizAlF¢ and
shows the minimum (= 0.266 eV). However, LLNO-
Li3;AlFs 8% the fitted line does not exactly correspond to
the data points and shows significant deviations. The
fitted curves for the other six sets of ceramic samples
correspond well with their respective data points. The
observed reduction in activation energy with higher
Li3AlFs content is mainly due to the properties of
Li3AlFs. It provides a significant reservoir of highly
mobile lithium ions. As its concentration increases, both
the total lithium-ion content and their electrochemical
activity within the composite rise. This creates more
facile conduction pathways, effectively lowering the
energy barrier (activation energy) for ion transport
through the ceramic sample. As show in Fig. 4 and Table
1, as the sintering temperature decreases from 1100 °C to
1050 °C, it was observed that the activation energy of
LLNO decreased by approximately 0.02 eV, whereas that
of LLNO-LizAlFs 1% increased by about 0.02 eV.
Interestingly, despite these opposing changes in
activation energy, the conductivity was reduced by 2-3
times for both ceramic samples. This suggests that the
sintering temperature, whether at 1050 °C or 1100 °C,
has a negligible effect on the activation energy for both
LLNO and LLNO-Li3AlFs 1%. These data of the ceramic
samples demonstrate that although LLNO-LizAlFs 8%
has the lowest activation energy, it is unstable. Among
the remaining ceramic samples, LLNO-Li3AlFs 5%
exhibits a relatively low activation energy (= 0.340 eV)
along with good stability.
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Table 2. Density, total resistance, conductivity and conductivity electronic at room temperature, and activation energy
of the ceramic samples

Fig. 5. DC polarization plots of ceramic pellets

The result of the DC polarization test is shown in Fig. 5.
For all samples, after approximately 2000s, the current
reached a steady state, and the ionic current was
completely blocked. For the samples of LLNO-Li3AlF
8%, the current fluctuates slightly during the DC
polarization test but the overall is stable. Electronic
conductivity can be determined from applied DC voltage
(=5 V), steady state current and geometrical parameters
(surface area and thickness) of ceramic sample. As
shown in Fig. 5 and Table 1, the calculated electronic
conductivity of all ceramic samples are 1-2 orders of
magnitude lower than the corresponding conductivity.
When the sintering temperature was reduced by 50 °C,
we found that the electronic conductivity of LLNO (1.99
x 108 S-em™) decreased by a factor of 3 compared to that
of LLNO sintered at 1100 °C (3.85 x 10" S-cm™), while
the electronic conductivity of LLNO-LizAlF 1% (4.07 x
10® S-cm) dropped by approximately an order of
magnitude relative to its 1100 °C (1.04 x 107 S-cm™)
counterpart. Among all samples sintered at 1050°C,
LLNO-LizAlFs 8% (4.44 x 10® S:cm™) exhibited the
highest electronic conductivity, while LLNO showed the
lowest (1.99 x 10% S-cm™). This indicates that Li;AlFe

Sample Density/ g-em®  Riotal/Q Ototal-25 °C/ cele2s°c/  Ea/eV
S-cm’! S-cm!
1100 °C LLNO 4.646 59915.29 4.12x10°° 3.85x108 0.414
1100 °C LLNO-Li3AlFs 1% 4.689 80951.65 3.40x10° 1.04x107 0.427
1050 °C LLNO 4.595 219649.70 1.16x10¢ 1.99x10°8 0.395
1050 °C LLNO-Li3AlFs 1% 4.739 161251.00 1.59x10¢ 4.07x10°8 0.443
1050 °C LLNO-Li3AlFs 3% 4.830 103506.90 1.91x10¢ 3.97x10°8 0.389
1050 °C LLNO-Li3AlFs 5% 4.701 123761.90 2.08x10°¢ 3.04x10°8 0.340
1050 °C LLNO-Li3AlFs 8% 4.652 374315.40 5.93x107 4.44x10°8 0.266
doping leads to an increase in electronic conductivity.
However, as shown in table 1, as the LizAlFs doping
50 |- content increased from 1% to 5%, the electronic
. Potential: 5V —— 1100 °C LLNO .. 8] 3
i e 1100 °C LLNO-Li,AIF, 1% ;(.)(I:lil-llc)twlty decreased (4.07 x 10° S-cm™ to 3.04 x 10
40 ——1050 °C LLNO '
— 1050 °C LLNO-Li;AlF 1%
— 1050 °C LLNO-Li;AlF 3% .
§3o il e 4 Conclusions
2 1050 °C LLNO Lisalk, 84 The study investigates the crystal structure and
20 -} electrochemical properties of the perovskite-type solid
electrolyte Lig2sLag2sNbOs (LLNO) doped with varying
contents of Li3AlFs. As deduced from the measurements
10 of AC impedance, the temperature dependence of the
conductivity follows an Arrhenius law. The ionic
— _ conductivity of LLNO sintered at 1050 °C reaches a
°L ' ' ' ' f ' maximum of 2.08 x 106 S-cm’ with 5 wt.% LisAlFs
0 1000 2000 3000 4000 5000 - 6000 addition, accompanied by a favorable activation energy
Time/s 0f 0.340 eV. Although this value is lower than the 4.12 X

10 S-cm™! achieved by pure LLNO sintered at 1100 °C,
the role of LizAlF is significant. Firstly, it systematically
enhances ionic conductivity at 1050 °C, with
performance improving up to the 5 wt.% doping level.
More importantly, Li3AlFs acts as an effective sintering
aid, reducing the required processing temperature by 50
°C. This reduction is highly advantageous for the future
co-sintering of LLNO solid electrolytes with electrode
materials in the fabrication of all-solid-state lithium
batteries. This study provides a potential method for
future researchers to cut down the sintering temperature.
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