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Abstract. Solid electrolyte is the essential part in all-solid-state battery (ASSB), in which the sintering step is vital to get a dense and high ionic
conductivity. However, Li-loss frequently occurs at a high temperature, causing ionic conductivity to drop. This research investigated a dry-cold
sintering process (dry-CSP) to Ta doped-LLZO (LLZTO), in which the LLZTO powder was pressed by cold isostatic pressing (CIP) at 40 MPa without
solvent addition and then heated at 3000C for 2h. XRD analysis found that LLZTO300C40P remains crystallized in a single cubic with ionic
conductivity of (3.02K 0.53) x 10-5 Scm’!, which is higher than another result in Al doped-LLZO by CSP uniaxial pressing and with moistened-solvent
(wet-CSP). The feasibility was tested by preparing a coin cell with a LiCoO, cathode and Li metal anode. Cyclic voltammogram of the LCO-
LLZTO300C40P-Li ASSB provides a high current density representing a higher electrochemical reaction rate inside the full cell. The battery ran well
with an initial charging capacity of 88 mAh/g, and a discharge capacity of 50 mAh/g, providing 56.8 % Coulombic Efficiency. An interface engineering

between electrode-solid electrolyte is essential to develop the ASSB performance.
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1. Introduction

Research on lithium-ion batteries with solid electrolyte is
recently developed fast due to solid electrolytes providing more
safety, stability, and no leakage possibility (Ma and Chi, 2016).
Lithium lanthanum zirconate, LizLasZr,O12 (LLZO), is a prevalent
garnet-type solid electrolyte because of its high energy density
and a vast potential window > 5V versus Li/Li* (Li ef al., 2019;
Pazhaniswamy et al, 2023) and also provides high ionic
conductivity at around 10 — 102 Scm, which is sufficient for
solid-state battery (Zhang et al., 2016). It is found that the cubic
garnet LLZO has higher ionic conductivity than the tetragonal
phase. The cubic structure can be stabilized by a small amount
of doping of some elements such as Ta, Al, Ga, Nb, Te
(Deviannapoorani et al., 2015).

Sintering treatment is an important process to densify and
increases the ionic conductivity. LLZO based-electrolyte i.e.,
Liss1LasZr2Alo.13011.08 which was sintered at 1100 °C 3 h provides
a high ionic conductivity of 1.35 x 10 Scm (Padarti et al., 2018).
However, another research on Ta doped-LLZO or LLZTO with
non-stoichiometric formula of Lis2sLasZri75Tao25012, found that
sintering at 1100 °C for 4h resulting resistive phase of La:Zr,0v,
and when 10% Li excess was added by LiOH addition followed
by further heating at 1100 °C 16 h, the resistive phase was
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disappeared, however, the ionic conductivity of the produced-
LLZTO is low, i.e.,, 7.0 x 10° Scm™ (Zhang and Fergus, 2017).
Low density of the sintered-LLZTO was mentioned as the reason
for this such low ionic conductivity (Zhang and Fergus, 2017),
however, Li-loss during high temperature treatment could be
another reason, because lithium oxide, Li2O sublimates at
temperature above 1000°C, and thus combine with long time
sintering brings about a serious Li-loss problem (Huang et al.,
2019; Murugan et al., 2008) which reduce the Li-ion conductivity
(Shin et al., 2015). Therefore, 5% to 10% lithium salt such as
Li2COs is usually added to overcome the Li loss during
calcination (Barai et al, 2021). Some researchers added
synthesis-powder as the mother powder for sintering (Xu et al.,
2016; Xue et al., 2018; Yang et al.,, 2020; Yoon et al., 2017). The
Li excess addition during synthesis will increase cost once mass
production is planned.

To overcome the Li loss problem, some researchers used
low-temperature sintering, such as for Al doped-LLZO that was
sintered at 900 °C resulted in high ionic conduction of 2.11 x 10
4 Scm™ at room temperature (Hu, Z; Liu, H; Ruan, H. B.; Zhang,
2016). The high ionic conductivity indicates that the Li loss did
not occur at 900 °C without the mother powder applied during
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sintering. Removing the mother powder from the synthesis
procedure is another advantage regarding the cost of synthesis.
Some metal oxides were also prepared by cold sintering process
(CSP), which combines uniaxial pressing with the low-
temperature treatment of 300 °C (Galotta and Sglavo, 2021;
Maria et al., 2017). However, less research investigated CSP for
LLZO-based-solid electrolytes (Seo et al, 2020; Wang et al,
2020). In the CSP method, the material is moistened with a
solvent such as water or acid solution (Wang et al., 2020) and a
polymer-salt solvent (Seo et al, 2020). The transient liquid
solvent drives the atomic process allowing the dissolution-
precipitation process to densify the ceramic materials at low
temperatures (Funahashi et al., 2017; H. Guo et al,, 2016; Wang
et al, 2020). However, despite the dissolution-precipitation,
some elements, which are Li and Al in the case of Al doped-
LLZO, preferentially dissolved into the solvent and produced a
transient liquid phase deviated from stoichiometric LLZO (Wang
etal., 2020). Similar issue with CSP to BaTiO3(J. Guo et al., 2016).
The incongruent dissolution caused precipitation of the
intergranular phase, such as B-LisAlOs in the case of Al-doped
LLZO (Wang et al.,, 2020), instead of pure LLZO. Although the
intergranular phase contributes to LLZO densification, the ionic
conductivity is very low and then degraded total conductivity
significantly.

Meanwhile, considering material densification, cold
isostatic pressing (CIP) is a good alternative for uniaxial pressing,
as frequently used in CSP (Seo et al., 2020; Wang et al,, 2020). In
uniaxial pressing, the pressure is applied in a single axial
direction; meanwhile, isostatic pressing applies the pressure
uniformly in all directions. It results in technical values 15%
superior to those achieved with mono or bi-axial pressing
(Concept, 2023). Furthermore, CIP can increase the contact area
between grains, increase grains size, and reduce pore size,
leading to faster ionic transfer within the solid electrolyte (Afyon
et al, 2019). Previous research on Li;LasZr;O:; found that
applying CIP at 60 MPa followed by sintering at 900 °C for 3 h
provides 1.35 x 10 Scm™ (Padarti et al., 2018). Therefore, trying
a combination of cold sintering temperature (300 °C) with CIP
will be challenging. In addition, the problem with the transient
liquid solvent, as found previously (Wang et al., 2020), might be
overcome by pressing in all directions with CIP instead of using
a solvent to promote dissolution-precipitation. This research
aims to investigate a dry cold sintering process (dry-CSP) that
combine low temperature heat treatment of 300 °C with cold
isostatic pressure of 40 MPa to densify LLZTO solid electrolyte.
The result was compared with a high temperature treatment of
900 °C and 40 MPa of CIP. Feasibility of both solid electrolytes,
the LLZTO300C40P and the LLZTO900C40P were tested in a
full cell with LiCoO. cathode and Li metal anode.

2. Experiment
2.1. Preparation of LLZTO green pellets and the densification

Ta doped-LLZO was procured from China (GL Advanced
Materials Ltd., China). The powder was analyzed by XRD
(Rigaku Miniflex 600) equipped with Le Bail refinement using
Rietica software (a free edition) to understand the phases, crystal
structure, and cell parameters. The LLZTO powder. The LLZTO
powder (1 g) was poured into a die press and then hydraulically
pressed at 5 tons for 10 min to produce a green pellet, followed
by CIP at 40 MPa. Next, the pellet was sintered at 300 oC for 2
h to produce LLZTO-300C40P. Another treatment was also
applied by firing the LLZTO green pellet at 900 oC 12 h without
mother powder, according to previous research (Hu, Z; Liu, H;
Ruan, H. B.; Zhang, 2016).
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The sintered pellets were then characterized by XRD
(Rigaku Miniflex 600) to understand the phases and crystal
structure, SEM/EDX (FEI Inspect-S50) analysis to understand its
surface morphology and elemental analysis. Silver blocking-
impedance analysis by LCR meter EUCOL CS-150, 20 Hz - 5
MHz.

2.2. Fabrication of all solid-state battery LiCoO,-LLZTO-Li metal

The full cells of LiCoO. (LCO)-LLZTO300C40P-Li and
LCO-LLZTO900C-Li were assembled within stainless steel glove
box (VGB-1, ultra-high pure Argon gas, Vacuum level -0,1 MPa).
LCO slurry was made by dispersing LiCoO; powder (Sigma
Aldrich), acetylene black (PT KGC Saintifik, Indonesia), and
PVdF (EQ-Lib-PVDF) at a weight ratio of 80 %: 10%: 10%. N-
methyl 2- Pyrrolidone (NMP, PT KGC Saintifik Indonesia) was
used as a binder. The cathode slurry was stirred for 1 h and then
applied to the LLZTO surface. After drying at room temperature,
the LCO-LLZTO was weighed to know the cathode active mass.
The LLZTO pellet was heated at 180 °C within the VGB, and then
the Li metal was attached to the hot LLZTO surface. After
cooling for 5 minutes, the LCO-LLZTO-Li was packed within
coin cell CR2032 and tightened by a crimper machine (TMAXCN
at 1000 Psi).

The full cell LCO-LLZTO-Li was analyzed by cyclic
voltammetry (Corrtest CS-150) in between (-4) — 5 V vs. Li/Li*
and 1 mVs™ of scanning rate. Meanwhile, charge-discharge test
was conducted by NEWARE Battery Testing System (5A1V)
under 0.1mA current drawn, to understands the specific capacity
(mAh.g"') and the Coulombic Efficiency (%).

2.3. Data Analysis

XRD pattern of LLZTO was compared with a standard
diffraction of cubic LLZO from Inorganic Crystal Structure
Database (ICSD) to identify some specific cubic garnet major
peaks at 260of 26°, 31°, and 34°, and some minors. The diffraction
pattern was also refined with RIETICA to understand the crystal
structure, crystal parameters, % mole of identified phases such
as cubic and tetragonal phases, the residual phase (Rp), and the
residual weight phase (Rwp). Morphological analysis by SEM
informed the grain form and size, and the availability of voids.

The impedance measurement resulted real impedance, Z’
(Ohm) and phase angle, €. The data was analyzed by calculating
imaginary impedance, Z” (Ohm). A Nyquist plot was made by
plotting real impedance, Z’, to imaginary impedance, Z”. The
Nyquist plot was then fitted by ZView software (a software
embedded in Corrtest CS-150 Electrochemical workstation) by
applying a resistor-capacitor, RC, networks. The resistance value
found by fitting was then used to calculate conductivity (o) by
equation (1), with resistance R (Ohm), pellet thickness / (cm), and
surface area of active electrode A (cm?) (Nishihora et al., 2018;
Rahmawati et al., 2019).

o= (1)

Charge-discharge test of the prepared-ASSB resulted
specific charging capacity (mAh/g) and a specific discharge
capacity (mAh/g) at every cycle. Coulombic efficiency was
calculated by equation (2).

specific discharge capacity (mTAh)

= specific charge capacity (mTAh)

x 100 (%) (2)
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Fig 1. (a) XRD patterns of the LLZTO powder compared with the standard diffraction of cubic garnet LLZO ICSD#422259, and (b) its Le Bail

plot by submitting cubic structure and space group of la-3d.

3. Result and Discussion
3.1. Characterization of LLZTO powder

XRD analysis of the procured powder found that the powder is
fully cubic with all the characteristic peaks matching well with
cubic garnet LLZO ICSD#422259 as shown by Fig.1(a) along
with its Le Bail plot (Fig.1(b)). Le Bail refinement found that the
LLZTO powder is in a single cubic structure with a space group
of I a -3 d. In the residual phase, Rp is 6.16 %, and in the residual
weight phase, Rwp is 6.10 %. The cell parameters are a=b=c =
13.0334 A. It is known that until recently LLZO based-materials
are available within three structures of high temperature (HT),
i.e., cubic with [a-3d (Awaka et al, 2011), tetragonal structure
with 141/acd space group(Awaka et al, 2011), and the low
temperature (LT) cubic (Xie et al., 2011) as found within this
LLZTO research.

SEM analysis found that the powder consists of round
shape aggregates (Fig.2(a)). Meanwhile, EDX mapping analysis
shows the powder composition of La, Zr, Ta, and O with the
weight percentage of each, as depicted in Fig 2(b).
Unfortunately, the Li did not reveal due to Li being a very light

— | —

element that EDX cannot detect. Meanwhile, 0.2 % weight of Al
is present as an impurity.

3.2. Characterization of LLZTO300C40P and LLZTO900C40P

The XRD pattern of the sintered LLZTO is depicted in
Figure 3 compared with the XRD pattern of LLZTO powder. The
patterns show that 40 MPa CIP and 300 °C 2 h did not change
the cubic structure of the LLZTO. The LLZTO300C40P
characteristic peaks are less intense than the LLZTO powder
(Fig 3) because LLZTO300C40P was in sintered-pellet form
when analysed. Sintering temperature of 900 °C allowed some
tetragonal peaks revealed at 26 of 16.97°; 19.61° 25.91° and
57.77°, indicate that heat treatment reverses the cubic room
temperature into tetragonal. Such a reversible transition from
tetragonal to cubic and cubic to tetragonal has also been found
when Ga doped-LLZO is co-doped by Sr at a definite Sr amount.
The transformation route starts when the lattice parameter
increases until it reaches the tetragonal phase (Raju et al., 2021).
A similar parameter increasing is also found in this research
when LLZTO-40P was fired at 300 °C, as shown in Table 1, the
parameter increases from 13.048961 A into 13.210393 A, and
firing at 900 °C transformed 50.35 % cubic structure into
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Fig 2. (a) The SEM image, and (b) the EDX mapping of the LLZTO powder
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Fig 3. XRD patterns of LLZTO powder, LLZTO-300C40P, LLZTO-900C compared with standard diffraction of cubic LLZO ICSD#422259 and
tetragonal LLZO ICSD#246816. The e sign refers to the cubic phase, and the o sign refers to the tetragonal phase.

Table 1
Refinement result of LLZTO powder, LLZTO-300C40P and LLZTO-900C40P by submitting cubic and tetragonal structure

LLZTO LLZTO-300C40P LLZTO-900C40P
Structure/ Cubic/ Cubic/ Cubic/ Tetragonal /
space group la-3d la-3d la-3d 141/acd
A (A) 13.048961 13.210393 12.778399 13.023226
B (A) 13.048961 13.210393 12.778399 13.023226
C (A) 13.048961 13.210393 12.778399 12.475052
a=p=y (°) 90 90 90 90
% mole 100 100 49.65 50.35
Rp (%) 5.55 6.11 5.31
Rwp(%) 3.11 9.82 8.65
tetragonal as confirmed by Le Bail refinement (Table 1). The
- refinement proceeded well when the second phase, a tetragonal
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Fig. 4 Le Bail plots of LLZTO-300C40P, and LLZTO-900C. The
black line is the data, and the red line is the calculated line, the blue

line is

the simulated line, the green line is the difference between

the data and the calculation.

structure according to ICSD#246816, was submitted into the
calculation.

The Le Balil plot is depicted in Fig 4(b), where most of the
peaks were calculated well, leaving residual factors of 5.31% and
8.65 % of Rp and Rwp, respectively. It is interesting to be further
studied because other research on sintering temperature mostly
correlates the temperature's effect to the density and ionic
conductivity (Barai et al, 2021; Xue et al, 2018) without
discussing the impact on lattice parameters.

As shown in Figure 5, SEM images confirm that 300°C has
only slightly sintered the grains, but apparently, it sufficiently
compacted the powder resulting in fewer voids available.
Meanwhile, the 900°C heating could sinter the pellets, shown by
larger grains than before sintering, as described in Figure 5(d).
However, the aggregation incongruently occurred, providing
some voids available. Figure 5(d) also shows glassy phases
formed between grains. The voids and glassy phases could limit
the transport of Li ions from grain to grain, leading to lower ionic
conduction (Guo et al., 2019; Seo et al., 2020). It is confirmed by
impedance measurement, as shown in Fig. 6, in which
LLZTO900C provides a much larger impedance curve than
LLZTO300C40P. ZView fitting to the impedance data produces
Bode plots along with their R-C network, as described in Fig. 6.

Figure 6 shows that LLZTO300C40P has a semicircle like
the LLZTO900C. Individual plot of LLZTO300C40P along with
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Table 2

The ionic conductivity of LLZTO300C40P compared with other CSP results
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Ionic conductivity

Materials 3{‘?2'; g:e;pamtance Sintering method (Sem™) and Reference
temperature

Sr-Mg doped-LLZO Wet CSP DMF solvent 2.6 x 10°@40°C (Seo et al., 2(Seo et
Uniaxial pressing al., 2020)

Al doped-LLZO Wet CSP water and HNOs3 solvent 3.38x 10°@RT

Lis.1AlosLasZr;O12 Uniaxial pressing (Wang et al., 2020)

LLZTO300C40P 52.15 2.13x10®  Dry CSP isostatic pressing (3.2040.53) x 10°@RT This research

LLZTO900C 1795 1.09x 10° Dry CSP isostatic pressing 1.76 x 10°@RT This research

Fig. 5 SEM images LLZTO-300C40P (a)(b), and LLZTO-900C40P
(c)(d) at different magnification

its fitting plot and the R-C network is inserted in Fig. 6. The
Nyquist plot was fitted with a double R-C network in accordance
with two semicircle available for LLZTO300C40P. Both
impedance curves differ from previous research finding a
semicircle along with a tail at low frequency (X. Zhang et al.,
2019). The previous research scanned the impedance at 0.5 - 30
MHz(X. Zhang et al., 2019); this research measured at 20 - 5

-20 4

MHz. The bottom frequency needs to be expanded below 20 Hz.
The low frequency confirms Warburg diffusion (Yang et al,
2020). Meanwhile, high frequency shows ionic transport within
the crystal structure. Table 2 shows ionic resistance resulting
from ZView fitting along with their capacitance. Constant Phase
Element, CPE, was used in parallel connection with Resistor, R,
as described by the inserted model in Fig.6. Both capacitance
values are between 10— 10°F, indicating ionic migration within
a grain or grain conduction. Capacitance up to 0.1 pF or 1 x 10"
1 F shows grain resistance (Martin et al., 2007; Rahmawati et al.,
2012) or defined capacitance between 10® — 10! F refers to
grain resistance (Garcia-Sanchez et al., 2003; Rahmawati et al.,
2021). Table 2 shows that LLZTO300C40P has an ionic
conductivity of (3.02+ 0.53) x 10° Scm™ at room temperature
(RT), which is higher than the ionic conductivity of the solid
electrolyte with the formula of LiosxLaosxZri«O124, i.€., 1.03 x 10-
5 Scm! (Arifah et al., 2022), and LigosLasZris33TaossO12 that was
sintered at 1000 °C 12 h, i.e,, 5.21x10% Scm™! (Abreu-Sepulveda
etal., 2016). Even though the Lis.03sLasZri533Tao46012 has a single
cubic garnet structure, a 1000 °C 12 h seems to produce some
minor impurities. The minor impurities were also founded within
LirLasZr14TiosO12, which was sintered at 950 °C12 h and
resulting only 1.01 x 10 Scm™ (Abreu-Sepulveda et al., 2015).
The ionic conductivity of LLZTO300C40P is also higher than Al
doped-LLZO (Lis.1Alo3LasZr,012), with wet-CSP treatment under
350 MPa uniaxial pressure, with ionic conductivity far below
high sintered-LLZO, i.e., 3.38 x 10° Scm™ (Wang et al., 2020).

Rpooo - - I -
_40 T T 20000 -
® LLZTO300C40P
10000 |- A~ e e
-304 e e e
z
oo
. \ . °
* Ve
-10 . . . . .
20 40 60 80 100

Z (x10° Qcm)

Fig 6. Nyquist plot of LLZTO300C40P and LLZT0900, along with R-C network for ZView fitting
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The ionic conductivity of LLZTO300C40P is also slightly higher
than Sr-Mg-doped-LLZO with Dimethyl formamide as
moistened solvent and uniaxial pressing of 400 MPa. The ionic
conductivity is 2.6 x 10 Scm™ at 40 °C (Seo et al., 2020). Table
2 provides ionic resistance (Rionic), Capacitance (F), ionic
conductivity (Scm™), and some previous results on LLZO-based
material sintered by the CSP method. Table 2 also shows that
LLZTO900C provides ionic conductivity of 1.76x10% Scm.
Those findings confirm that sintering treatment is an essential
parameter in solid electrolyte preparation instead of just concern
about crystal structure. Because even though the material was
crystallized into single cubic, when heat treatment was applied,
Li loss, some minor or secondary phases may occur and
decrease the ionic conductivity of the material.

3.3. The electrochemical performance of ASSB  with
LLZTO300C40P and LLZTO900C40P solid electrolyte

Cyclic voltammetry analysis of LCO-LLZTO300C40P-Li
and LCO-LLZTO900C-Li produced voltammogram as described
in Fig.7. The result shows that both batteries show a reversible
reaction, in which the LLZTO300C40P battery provides one
order higher current density than LLZTO900C indicates higher
redox reaction rate. The higher ionic conductivity of
LLZTO300C40P, as shown in Table 2, contributes significantly
to the battery performance. The reaction reversibility proves the
rechargeable ability of the prepared batteries.

Fig.7 shows onset potential at 0.3 V vs. Li*/Li (2.74 V vs.
SHE) and reaching peak potential of 2 V vs Li/Li*, and onset
reduction potential at 0.3 V vs. Li*/Li (-2.75 V vs. SHE) flows
down to potential peak of -2 V wvs Li/Li*, indicating
deintercalation and intercalation of Li ions to LCO. Onset
potential informs the potential of the analyte starts to oxidise and
start to reduce at the electrode surface cause the current to
increase exponentially until reaching a peak(Batchelor-McAuley,
2023). The value is almost similar to the CV result of Au-LLZTO-
Li, which shows 0 V vs. Li*/Li ( 3.04 V vs. SHE) according to Li
dissolution and Li deposition (Y. Zhang et al, 2019). Another
research on LCO-Li solid-state battery with
Lig7sLasZri7sNbo2sO1z as a solid electrolyte found a similar
oxidation start with a peak at around 3.8 V corresponding to

0.0005
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deintercalation of Li ion into LCO (Guo et al., 2021). Meanwhile,
the second peak starts at 3.0 V vs. Li*/Li (0.04 V vs. SHE)
climbed to 4.3 V , indicating the dissolution of Ta, which is
reversibly deposited, shown by a small second reduction peak
under a negative current. The voltammogram also displays a
high reduction peak starting at 0.3 V vs. Li*/Li belongs to Li
deposition. Compared to LCO-LLZTO900C-Li (blue curve in
Fig.7), LCO-LLZTO300C40P-Li provides higher current density,
indicating a higher redox reaction rate inside the full cell. The
higher ionic conductivity of LLZTO300C40P, as shown in Table
2, significantly support redox reaction within the electrochemical
cell and leads to higher battery performance. Fig.7 also shows
that the curves have two oxidation-reduction peaks.
LLZTO900C shows only one peak at each oxidation and
reduction area, confirming Li dissolution and deposition. A
second peak also appeared, confirming the secondary reaction,
but the response is not reversible back, as one peak only reveals
under the reduction area (Fig. 7 (the inserted blue curve)).

To check the feasibility of the LLZTO300C40P, a solid-
state battery was fabricated with an LCO cathode and Li metal
anode. Charge-Discharge analysis to LCO-LLZTO300C40P-Li
shows an initial charging capacity of 88 mAh/g and an initial
discharge capacity of 50 mAh/g at room temperature (RT), and
it was stable until 10 cycles with Coulombic efficiency around
64% (Fig.8). The result is better than previous research on all
solid-state Li metal batteries with Nb doped-LLZO
(Lis.ssLasZri7sNbo25012) solid electrolyte and LCO cathode,
which found a discharge capacity of only 20 — 30 mAh/g at 100
°C. After modifying the cathode-electrolyte interface by
attaching Al:Os film on the LCO surface, the specific capacity
increases to 193.6 mAh/g at 100 °C and becomes stable after 16
cycles at 76 mAh/g (Guo et al., 2021). Therefore, it is essential to
engineer the interface between LLZTO300C40P and the cathode
or anode in the future.

4. Conclusion

A solid electrolyte preparation through a dry-CSP by combining
40 MPa cold isostatic pressing and 300 °C heating for 2 h under
air without mother powder has produced a solid electrolyte with
ionic conductivity of (3.02+ 0.53) x 10° Scm™ at RT, which is
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Fig 7. Cyclic voltammogram of LCO-LLZTO 300C40P-Li and LCO-LLZTO900C-Li at a scanning rate of 1 mV/s within -4 to 5 V vs. Li/Li*. The
black line curve refers to LCO-LLZTO300C40P-Li, and the blue line curve refers to LCO-LLZTO900C-Li. Inserted is the magnification of the

LCO-LLZTO900C-Li curve
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Fig 8. (a) Charge-Discharge Curve and, (b) Coulombic Efficiency (%) of LCO-LLZTO300C40P-Li metal battery

higher than Al doped-LLZO and Sr-Mg doped-LLZO which were
sintered by a wet-CSP method. The full cell of LCO-
LLZTO300C40P-Li metal shows a cyclic voltammogram with
higher current density representing a higher electrochemical
reaction rate inside the full cell. Charge-discharge test found an
initial charging capacity of 88 mAh/g and a discharge capacity
of 50 mAh/g, providing Coulombic Efficiency of 56.8 %. An
interface engineering between the electrode with the solid
electrolyte LLZTO300C40P is essential to increase the ASSB
performance.
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