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The 3Li,S-P,S5:xLiCl:(1-x)Lil solid electrolytes were prepared via solution process using acetonitrile, and
crystallization was achieved by heating at 160 °C for 3 h. The crystalline nature and morphology of the
prepared materials were studied using powder X-ray diffraction and field emission scanning electron
microscope analysis. Cyclic voltammetry was performed to confirm the electrochemical stability of the
electrolytes. The ionic conductivity of the prepared 3Li,S-P,S5:0.25LiCl:0.75Lil solid electrolyte was
132 x10°4Scm™!, at room temperature. In addition, the prepared 3Li,S-PS5:0.25LiCl:0.75Lil solid
electrolyte showed better electrochemical stability comparable to that of prepared pure 3Li,S-P,Ss, and
other Cl and I mixed solid electrolytes.

© 2019 Elsevier B.V. All rights reserved.

1. Introduction

Recently, the use of solid electrolytes has received great atten-
tion because of their numerous advantages and as a substitute for
conventional organic liquid electrolytes. To date, various kinds of
solid electrolytes, such as inorganic sulfides/oxides and polymers,
have been investigated for the development of solid-state Li-ion
batteries. The greater advantage of oxide based solid electrolytes is
stability in air and ionic conductivity in the order of 1074Scm™!
with insufficient contact between the electrolyte/electrode in-
terfaces. High-temperature sintering is needed to form lithium ion
path due to its large grain boundary. Conversely, sulfide-based solid
electrolytes are not stable in air and show lithium ion conductivity
in the order of 1073Scm™! to 1072Scm™! due to the large ionic
radii and weaker electro negativity of sulfur ions, which requires
low-temperature sintering to form lithium ion path due to its small
grain boundary and softness [1,2]. The ionic conductivity of most of
the sulfide solid electrolytes is slightly less than that of the con-
ventional organic electrolytes. Even the ionic conductivity of solid
electrolytes is less than that of conventional organic electrolytes,
and the lithium ion transference number of solid electrolytes (~1) is
nearly double that of organic electrolytes (0.5). The high
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transference number facilitates fast kinetics and high rate charge-
discharge operations [3—5]. In addition, solid sulfide electrolytes
exhibit a wide electrochemical window ranging from 5V to 10V
and negligible electronic conductivity. These characteristics are of
great importance for all solid-state batteries in improving the cycle
performance. In addition to these sulfide/oxide-based solid elec-
trolytes, researchers have been developing various lithium ionic
superconductors (LISCON) such as Li3YClg, LisYBrg, Li3SbSy4, and Li-
SeSx to promote high ionic conductivity, and electrochemical and
atmospheric stability [6—8].

High interface resistance is a key component of all solid state
lithium ion batteries (ASSLIBs), since the high interfacial resistance
impedes lithium ion movement between the electrode and elec-
trolyte, and reduces the electrochemical and chemical stability at
the interface. Poor contact between the electrolyte and electrode
contributes to enhanced interfacial resistance. This poor contact
arises from mismatched lattice between two different materials
and volume changes during the charging process [9]. Inhomoge-
neous distribution of solid electrolytes in electrode composite is the
reason for poor rate capacity. Recently researcher attempted the
fabrication of sheet type ASSLIBs to solve the problem [10,11].

Preparation is another issue for the fabrication of Li»S-P»Ss5-
based solid electrolytes. Li»S-P,S5 ceramic electrolytes are usually
prepared via high-energy ball milling, melt quenching, and solution
methods. More recently, liquid phase synthesis has attracted
increased attention for the preparation of sulfide solid electrolytes


mailto:ryuks@ulsan.ac.kr
http://crossmark.crossref.org/dialog/?doi=10.1016/j.jallcom.2019.05.285&domain=pdf
www.sciencedirect.com/science/journal/09258388
http://www.elsevier.com/locate/jalcom
https://doi.org/10.1016/j.jallcom.2019.05.285
https://doi.org/10.1016/j.jallcom.2019.05.285
https://doi.org/10.1016/j.jallcom.2019.05.285

236 R. Rajagopal, K.-S. Ryu / Journal of Alloys and Compounds 798 (2019) 235—242

due to several advantages including reduced time, temperature and
scalability during synthesis. These solution-based synthetic ap-
proaches generate large-scale product starting from few grams to
kilogram compared with planetary ball mill processes providing
only gram-scale products. During the synthesis, simply stirring the
source material for dissolution in solvent may last few days. In this
case, the reaction is promoted by additional processes such as
ultrasonication and milling [12—14]. Recently, Dominica et al. pre-
pared pure lithium argyrodite (Li7PSg) solid electrolyte in a very
short time (2 h) using a pre-synthesized LisPS4 solid electrolyte
[15]. In addition, the liquid-phase synthesis resulted in solid elec-
trolytes of small particle size (<500 nm) whereas solid-state syn-
thesis yielded large particles measuring around 10 pm. Interaction
between the particles and the solvent and the solvent removal
process results in size reduction [16]. Further, the solution-based
synthesis offers an easy coating of solid electrolyte layer on active
material, which increases the contact area and reduces the inter-
face resistance. Further, these types of coating provide an oppor-
tunity to increase the electrode material with high specific capacity
[1,16]. Nataly et al. prepared the LigPS5Cl solid electrolyte solution
and coated on NCM along with the conductive agent resulting in
80% retention after 20 cycles [17].

Currently, several studies are focusing on the development of
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sulfide-based electrolytes with high ionic conductivity, specifically,
Li»S-P,Ss5 binary systems, which strongly depend on the composi-
tional ratio of the base material and the heat-treatment tempera-
ture. The ratio between the crystalline and amorphous phases also
affects the ionic conductivity of sulfide solid electrolytes [18].
Among various thio-LISCON, Li3PS,4 attracted great interest due to
its high ion conductivity (>107%S cm™!), Li compatibility, low
temperature synthesis and easy processability. Further, Li3PSy4
composed of Li* and PS3~, which is stable in air and releases less
H,S when exposed to air [2]. However most sulfide electrolytes are
poor compatibility against lithium metal anodes and oxide-based
cathodes is a serious limitation. Specifically, some of the sulfide
solid electrolytes, which contain valance variable elements such as
Ti, Ge, etc., are not stable when associated with lithium anode.
Further sulfide solid electrolytes are oxidized and decomposed into
elemental sulfur, sulfides and phosphates by high voltage oxide
cathodes upon charge-discharge cycling. Thus, researchers have
attempted to improve the electrochemical stability of solid elec-
trolytes by partially substituting the S*>~ with 02~ ions [2,19]. In
addition, various metals, halogens, and non-metals can be doped/
mixed with a Li;S-P,Ss5 binary system to improve their ionic con-
ductivities [20]. Li;pGeP,S12 (LGPS) superionic conductor has been
investigated due to its high ionic conductivity (12mScm™1).
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Fig. 1. Powder XRD pattern of (a) 3Li»S-P,Ss and (b) 3Li»S-P,Ss:LiCl (c) 3LiS-P,Ss:Lil glass ceramic pellets and (d) laser Raman spectra of 3Li;S-P5Ss, 3LipS-P5Ss:LiCl, 3LiS-P,Ss:Lil

and 3Li,S-P,Ss5:0.5LiCl:0.5Lil solid electrolytes.
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Unfortunately, LGPS electrolyte shows poor stability due to Ge**
ions with a high valance [21]. Thus, it may be appropriate to use
inexpensive materials with low valance. Specifically, the addition of
lithium halides to Li;S-P,Ss binary system stabilizes the Li-
electrolyte interface since the lithium halides are thermodynami-
cally stable against lithium anode [22]. The addition of halogens
weakened the interaction between the lithium ions and the sur-
rounding anion framework. This increased site disorder enhances
lithium ion vacancy and diffusivity. Further, halogen-doped sulfide
solid electrolytes showed a wide electrochemical window up to
10V [13]. Very few researchers have tried to synthesize Li;S-P,Ss
ceramic electrolytes doped with lithium halides by solution syn-
thesis [23—26]. With the above advantages, researchers started
using the halogens to thio-NASICONs type electrolytes [27].
Compared with solid electrolytes doped with a single halogen,
those doped with two halogens showed high ionic conductivity and
low activation energy [9]. Unfortunately, solution-based Li,S-P,Ss
ceramic electrolytes doped with bihalides have yet to be reported
because using bihalides with Li;S-P,Ss ceramic electrolytes may
increase the ionic conductivity. Specifically, iodine and chlorine
yield fully ordered S?>~ and I-, and disordered S*~ and Cl~ struc-
tures, respectively. In bihalides, a combination of these ordered and
disordered structures may increase lithium ion mobility [19]. On
the other hand, Lil has high ionic conductivity than other LiX
compounds. Thus, the addition of Lil containing LiCl to the LPS
system may increase ionic conductivity.

In this study, we prepared 3Li>S-P,Ss5 glass ceramic solid elec-
trolyte co-doped with various concentrations of Cl and I via solu-
tion synthesis using acetonitrile as the solvent. The prepared glass
ceramic electrolyte was characterized by various physiochemical
techniques. The electrochemical stability and conductivity of the
prepared 3LiyS-P2Ss5:xLiCl:(1-x)Lil GCS electrolyte was studied by
cyclic voltammetry and electrochemical impedance spectroscopy.
The electrical conductivity of 3Li;S-P5Ss:xLiCl:(1-x)Lil GCS was
higher than that of a pure 3Li,S-P,S5GCS electrolyte.

2. Experimental details

2.1. Synthesis and structural characterization of 3Li»S-P,S5 and
3Li»S-P5S5:xLiCl:(1-x)Lil GCS electrolytes

All the experiments were performed in a dry argon atmosphere to
avoid exposure to air and moisture. Analytical grade anhydrous Li,S
(99.98%), P2S5 (99%), LiCl (99%), Lil (99%), and acetonitrile anhydrous
(99.8%) were purchased from Sigma Aldrich and used as received. The
3LiS-P;,Ss5:LiCl GCS electrolyte was prepared by one-step solution
synthesis. Briefly, Li2S (0.6895 g) P,Ss (1.1113 g), and LiCl (0.2115 g)
were ground and dissolved in 25 ml of anhydrous acetonitrile (ACN)
ina3:1:1 M ratio and stirred for 24 h. The mixture was not stirred for
5 h to allow the product settle down. The supernatant was carefully
removed, and the resultant material was dried at 80°C for 12 h to
obtain a fine powder. Finally, it was heated at 160 °C for 3 h to obtain
glass ceramic 3Li,S-P,Ss5:LiCl solid electrolyte. The above procedure
was used to synthesize 3Li»S-P,S5:XLiCl:(1-x)Lil (x = 0.75, 0.5,0.25, 0)
GCS electrolytes. Thus the prepared solid electrolytes, 3Li»S-P»Ss:LiCl,
3LiyS-P,S5:0.75LiCl:0.25Lil, 3LipS-P5S5:0.5LiCl:0.5Lil, 3Li,S-
P,S5:0.25LiCl:0.75Lil and 3LiyS-P,Ss:Lil were designated as LPSCI,
LPSC10.7510.25, LPSClo.slo.s, LPSC10.25I().75 and LPSI, respectively. For
comparison, glass ceramic 3LiS-P,Ss solid electrolytes were pre-
pared using the same procedure without adding chlorine/iodide and
named as LPS.

The crystalline structure of the synthesized 3Li»S-P»Ss and
3LipS-P,Ss5:xLiCl:(1-x)Lil GCS electrolytes were analyzed with a
high-resolution powder X-ray diffractometer (beamline 9B HRPD at
PAL) using a double crystal Si (III) monochromator at a wavelength

of 1.5167 A with 26 ranging from 10 to 130.5° (step size = 0.01 s~ ).
Prior to the XRD analysis, the sample was prepared as a pellet and
sealed with a Kapton tape in an argon-filled glove box to prevent
damage from oxygen and moisture. Laser Raman spectroscopy was
performed to reveal the sulfide structure with an excitation
wavelength of 488 nm. The surface morphology and composition of
the materials were analyzed using a field-emission scanning elec-
tron microscope (FE-SEM, JSM-7610F, Japan) equipped with
energy-dispersive X-ray spectroscopy (EDX).

2.2. Coin-cell assembly and electrochemical characterization of
3LiyS-P,S5 and 3LiyS-P,Ss5:xLiCl:(1-x)Lil electrolytes

The prepared GCS electrolyte (120 mg) was cooled and pressed
into a pellet at 300 bar with a radius of 0.7 mm and the thickness of
~0.5 mm. Electrochemical impedance spectroscopy was carried out
at frequencies ranging from 5 MHz to 0.01 Hz in an In/SE/In pres-
sure cell. Cyclic voltammetry was performed in the potential win-
dow of — 0.5—5 V at a scan rate of 1 mV s~!, at room temperature.
Before the analysis, a cell with two asymmetrical electrodes with a
solid electrolyte pellet was assembled with a stainless steel (SUS)
disk as a working electrode and a lithium foil as counter and
reference electrodes. Impedance spectroscopy and cycle voltam-
metry were carried out using the Biologic SP300 instrument.

3. Results and discussion

3.1. Structural characterization of 3LiS-P2Ss, 3LixS-P2S5:xLiCl:(1-x)
Lil glass ceramic solid electrolytes

The powder XRD pattern of prepared and heat-treated 3Li5S-

Fig. 2. FE-SEM images of (a) LPS (b) LPSCI, (c) LPSCly7slp2s, (d) LPSClgslos, (e)
LPSClo2s5l0.75 and (f) LPSI glass ceramic electrolytes.
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P5Ss, 3LipS-P2Ss:LiCl and 3LixS-P,Ss:Lil glass ceramic pellets are
shown in Fig. 1a, b and 1c. The XRD pattern of 3Li»S-P,Ss5:LiCl and
3LiS-P,Ss5:Lil was nearly similar to that of 3Li;S-P2Ss. The XRD
analysis of the prepared samples revealed mixed phases, such as §-
LizPSy4, and Li7P3Sq1 [28]. The reference patterns were changed to a
wavelength of 1.5167 A and matched with our XRD results. This
mixed phase confirmed the dissolution of the source compounds
(Li5S, P5Ss, LiCl, and Lil) and the formation of Li*, PS3~, S%~, Cl~ and
I~ ion species in ACN solution as crystals in different phases during

Electron Image 2

Sum

the heat treatment [29]. The number of Li;P3S1; peaks (with low
intensity) increased in 3Li,S-P,S5 electrolyte doped with lithium
halides as the lithium halides (LiCl/Lil) interact with LigP2Sg system
and produce a Li7P3Sq; (LiX + LigP,Sg) phase. We detected two
unknown peaks at 26 = 13.8° and 16.6° in all samples. Even if these
unknown peaks corresponded to pure B-Li3PS4 (13.8°) and LizP,Sg
(16.6°), the peaks ratios of intensity of the observed and reference
patterns differed. The unknown peaks may be attributed to the raw
materials and low-temperature heat treatment (160 °C) [30—32]. In

Electron Image 1
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Fig. 3. EDX mapping images of (a) LPS (b) LPSCI and (b) LPSI glass ceramic materials with P, S, Cl and L.
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addition, Li,S residue peaks at 26.6° and 30.7° were detected in all
samples. Similarly, LiCl residue peaks at 29.6° and 34.3° were
observed in Fig. 1b. Usually, solution-based synthesis yields a small
amount of Li,S residue due to its excessive amounts. During stirring
and ultrasonication, Li,S reacts with P»Ss and forms PS?(, and first
produces LPS composites (B-LisPS4 and Li;P3S1;) which may ac-
count for the existence of LPS, LiS and LiCl in XRD peaks [29,33,34].
Unfortunately, no Lil or 3LiyS-P2Ss5:LiCl/3LiS-P2Ss5:Lil composite
peaks were detected suggesting that LiCl and Lil completely dis-
solved in acetonitrile, and chlorine/iodine may be adsorbed on the
surface of LPS crystal lattice. Adsorption of Cl and I ions had no
effect on the product phase. However, a small variation was
observed in peak position and intensity of 3Li»S-P,Ss:LiCl and
3LiyS-P,Ss:Lil composites indicating that proposed synthetic pro-
cedure only allowed doping of a small amount of Cl and I ions into
the 3Li,S-P,Ss crystal lattice. Since the XRD diffraction of 3LiS-
P2Ss:LiCl and 3LipS-P,Ss:Lil composites are very similar we
assumed that the 3Li»S-P,S5:xLiCl:(1-x)Lil composites also exhibit
similar morphology. No amorphous peaks of the prepared samples
were detected, indicating good crystallinity. Fig. 1d shows laser
Raman spectra of 3Li»S-P,Ss5, 3LizS-P»Ss5:LiCl, 3LiS-P5Ss:Lil and
3Li»S-P,S5:0.5LiCl:0.5Lil solid electrolytes. All samples showed the
characteristic peaks around 418 and 570 cm~! confirming the for-

mation of tetrahedral PSz~ ions. The existence of ortho-
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thiophosphate (PS37) further confirmed the non-existence of P2Ss
and reaction with lithium sulfide [35]. The characteristic peaks
intensities were reduced after addition of lithium halides. Further,
we observed only the PS3~ characteristic peak indicating the
presence of B-LisPS4 and LizP3Sq; phases. The absence (very small
intensity) of P,S%~ peaks indicates the formation of very low levels
of Li7P3S1; phase. Since LizP3S;; phase exhibits PS3~ and P,S%~
characteristics peaks [36,37]. The observed laser Raman results
adequately matched our XRD results.

Fig. 2 shows the FE-SEM images of 3Li;S-P2Ss and 3LiS-
P5Ss5:xLiCl:(1-x)Lil glass ceramic solid electrolytes. The FE-SEM
images of pure 3Li;S-P,Ss GCS electrolyte are illustrated in
Fig. 2a. Here we observed nearly spherical particles with an average
diameter of 0.5—0.7 um. The average particle size drastically
increased to more than 2 um with irregular shapes while adding
LiCl to 3LiS-P,Ss (3LiyS-P,S5:LiCl) and the corresponding image is
shown in Fig. 2b. Gradually increasing Lil (and gradually reducing
the corresponding LiCl concentrations) in the above system resul-
ted in decreased particle size and transformed the particles into
spherical shape (Fig. 2c—e). The surface morphology of 3Li,S-
P,Ss:Lil was almost similar to that of 3Li,S-P,Ss (Fig. 2f). Thus, we
believed that the chlorine ions diffused into LPS system and
attracted the nearest particles, resulting in aggregation into larger
and irregular particles. Conversely, iodide ions were simply
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Fig. 4. Nyquist plots of (a and b) 3Li,S-P,S5 and 3Li,S-P,Ss:xLiCl:(1-x)Lil glass ceramic electrolytes (c) equivalent circuit and (d) Arrhenius plot of 3LiS-P,Ss and 3Li;S-P,Ss:xLiCl:(1-

x)Lil glass ceramic electrolytes.
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attached to the LPS system without aggregation and no or obvious P2S5:LiCl and 3LiS-P,Ss:Lil glass ceramic are shown in Fig. 3a, b and
change in particle size or morphology in 3Li;S-P2S5 or 3LiyS- c. The EDS mapping analysis revealed uniform distribution of P, S, Cl
P,Ss:Lil. and I ions.

The energy-dispersive spectroscopy results of 3Li,S-P5Ss, 3Li,S-
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3.2. Electrochemical characterization of 3Li>S-P»S5 and 3Li,S-
PS5:xLiCl:(1-x)Lil GCS electrolytes

The ionic conductivities studies of 3Li;S-P»Ss and 3LiyS-
P,S5:xLiCl:(1-x)Lil GCS electrolytes were analyzed via electro-
chemical impedance spectroscopy. The measured impedance data
were fitted with the Randles circuit using the Zfit tool from Bio-Logic's
EC-Lab software and the corresponding measured and fit Nyquist
plots are presented in Fig. 4 (a and b). The Nyquist plots of the 3LiS-
PS5 and 3LiyS-P,Ss5:xLiCl:(1-x)Lil samples were adequately fitted
with Randles circuit and their corresponding equivalent circuits are
presented in Fig. 4c. The total resistance (R = bulk resistance (Rpyjx)+
charge transfer resistance (Rq¢)+interfacial resistance (R;)) was used
to calculate the ionic conductivity of the prepared solid electrolytes
[38]. The calculated ionic conductivity of pure LPS GCS electrolytes
was 7.3 x 1078 S cm™~! at room temperature. Addition of LiCl to pure
LPS GCS doubled the total ionic conductivity to 1.78 x 107> S cm™!
(LPSCI). Further decreasing the chlorine concentration corresponding
to iodine resulted in a gradual increase in the total ionic conductivity.
The calculated ionic conductivities of LPSClg75lp25 and LPSClgslos
were 1.43 x 10~ and 3.0 x 107> Scm™ !, respectively. LPSCl2slg 75
glass ceramic solid electrolytes exhibited a high ionic conductivity of
1.32 x 1074Scm™, at room temperature. The ionic conductivity of
LPSClp25l0.75 GCS electrolyte was much higher than that of other
lithium halogen doped LPS electrolytes prepared via solution syn-
thesis. We believed that the high ionic conductivity resulted from the
combination of large amounts of Lil and S>~/CI~ with high ionic
conductivity. LPSClg 75lg.25 and LPSClg5lp 5 electrolytes contain fewer
amounts of Lil and large distribution sites and show better ionic
conductivity compared with pure LPS electrolyte alone. Chida et al.
synthesized LigPSsBr solid electrolyte via solution method using ethyl
propionate-ethanol solution and achieved an ionic conductivity of
3.4 x 107> S cm™!; at room temperature [29]. Similarly, Yubuchi et al.
prepared LigPSsCl solid electrolyte using ethanol solution and ob-
tained an ionic conductivity at room temperature of
14 x 107>Scm™! without exposure to sintering temperature [39]
since the ionic conductivity Lil was higher than that of other lithium
halides (oyj > oLigr > oLici> oir) [40]. Unfortunately, the ionic con-
ductivity of LPSI was reduced to 4.8 x 107> S cm™ !, which may be due
to the excessive amount of iodine not permeating inside the LPS
system and the absence of $?~/Cl~ distribution sites since the ionic
conductivity of Lil was in the order of 107® to 10~>Scm™! [41].
Usually, solution-processed LPS electrolytes exhibit low ionic con-
ductivity because during the dissolution process all the ions separate
and re-crystallize during the sintering process. This process strongly
affects the original crystal structure of the LPS electrolytes. Further,
the prepared 3Li»S-P»S5 and 3LiyS-P5Ss:XLiCl:(1-x)Lil electrolytes
showed less conductivity than other LPS solid electrolytes obtained
via high-energy ball milling, perhaps due to large grain boundary
resistance [35,42]. These results suggest that our synthesized mate-
rials exhibit good conductivity with the glass phase.

Fig. 4d illustrates the temperature dependent ionic conductivity
of 3LipS-P,Ss and 3LixS-P,S5:xLiCl:(1-x)Lil GCS electrolytes be-
tween 20 and 60 °C. The ionic conductivity of LPS, LPSCI and LPSI
GCS electrolytes increased to 2.7 x 1073, 6.0x 10>Scm™~! and
1.8 x 1074Scm™ !, respectively at 60 °C. LPSClg 75lo.25 GCS electro-
lyte exhibited an ionic conductivity of 5.2 x 1074Scm~! at 60°C.
The temperature-dependent ionic conductivity studies suggested
that the LPSClg75lp25 GCS electrolyte exhibits better temperature
response than 3LiyS-P,Ss and other 3LiyS-P,S5:xLiCl:(1-x)Lil GCS
electrolytes. We have also calculated the activation energy of 3Li,S-
PS5 and 3Li»S-P5Ss5:xLiCl:(1-x)Lil GCS electrolytes using Arrhenius
equation [28]. The LPSCly7slp25 GCS electrolyte showed a low
activation energy of 27.23 k] mol~". The calculated activation en-
ergies of LPS, LPSC], LPSC10_75[0'25, LPSC10_5]0_5, and LPSI, GCS

electrolytes were 27.64, 28.97, 28.06, 34.86, and 29.14 k] mol~,
respectively. These values matched others obtained via liquid phase
synthesis [28,30].

Cyclic voltammetry (CV) has been widely used to analyze the
electrochemical stability of inorganic solid electrolytes. The cyclic
voltagram plot of a Li/LPS/SUS cell at a scan rate of 1TmVs~' and
room temperature is shown in Fig. 5a. Metallic lithium deposition
(Lit + e~ =Li) and slivering (Li = Li* + e~) were observed between
the potentials of —0.5—1 V. In addition, we observed an oxidation
peak between 2.5 and 3.5V compared with the results of ball
milling. This oxidation peak may be attributed to the presence of
S~ ions [43,44]. The CV plots of doped Li/3Li,S-P,Ss:xLiCl:(1-x)Lil/
SUS cell are shown in Fig. 5(b—f). Based on the CV graph, we
confirmed that the addition of iodine reduced the side reaction
between lithium metal and solid electrolyte [45].

4. Conclusions

A sulfide solid electrolyte 3Li>S-P2Ss was synthesized using an
acetonitrile solvent, and the ionic conductivity was increased by
the addition of lithium chloride and lithium iodide. The crystalline
nature and morphology of the prepared 3Li;S-P2Ss and 3Li,S-
P5Ss5:xLiCl:(1-x)Lil glass ceramic electrolytes were studied by XRD
and FE-SEM analysis. Compared with 3Li;S-P,S5 electrolyte, 3LiS-
P,S5:0.25LiClL:0.75Lil glass ceramic electrolyte exhibits a higher
jonic conductivity (1.32 x 107*Scm™! at room temperature) and
electrochemical stability. Thus, the presence of chlorine and iodine
at a ratio of 1:3 increases the ionic conductivity and is appropriate
for the development of solid-state LIBs.
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