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A cross-linked poly(ethylene oxide) (PEO)-based electrolyte with polyaryl polymethylene
isocyanate (PAPI) as the cross-linking agent is synthesized by a facile one-pot reaction.
The PEO chains are cross-linked by PAPI through the reaction between hydroxyl groups
(−OH) and isocyanate groups (−N=C=O). The effects of PAPI on the electrochemical
performance of the PEO-based electrolyte and the stability of the electrolyte/electrode
interface are investigated. The PEO–PAPI electrolyte has an ionic conductivity of 9.3 ×
10–5−1.3 × 10–4 S cm−1 at 60°C. The cross-linked PEO–PAPI electrolyte exhibits
enhanced mechanical properties compared to pristine PEO and shows good
compatibility with a lithium (Li) metal anode. An all-solid-state Li metal battery
(ASSLMB) with the optimized PEO–PAPI electrolyte and a LiFePO4 cathode (1.62mg
cm−2 in mass loading) shows a discharge capacity of 112.8 mAh g−1 after 700 cycles with
a current density of 88 μA cm−2 at 60°C. Even with a high mass loading of 8.4 mg cm−2, the
ASSLMB with the cross-linked PEO-based electrolyte shows a good cycle performance.
The experimental data show that the cross-linked PEO–PAPI electrolyte is a promising
candidate for solid electrolytes used in ASSLMBs.

Keywords: poly(ethylene oxide), polyaryl polymethylene isocyanate, solid electrolyte, solid-state battery, cross-
linking

INTRODUCTION

All-solid-state lithium (Li) metal batteries (ASSLMBs) have drawn much attention because of their
safety and high energy density. In ASSLMBs, flammable liquid electrolytes are replaced by non-
flammable solid-state ones, and a Li metal anode with a high capacity is used (Du et al., 2015; Cheng
et al., 2017; Liu et al., 2018; Lv et al., 2019; Xia et al., 2019). Various solid-state electrolytes with a high
ionic conductivity, wide electrochemical stability window, and large Li-ion transference number have
been developed (Bachman et al., 2016; Yang et al., 2017; Gao et al., 2018; Dirican et al., 2019; Jiang
et al., 2020). Solid polymer electrolytes are more flexible and easily processible than inorganic
electrolytes; therefore, they are suitable for commercial applications (Yue et al., 2016; Zhou et al.,
2019). Many polymer electrolytes such as poly(ethylene oxide) (PEO), poly(vinylidene fluoride)
(PVDF), poly(propylene carbonate) (PPC), and polyacrylonitrile (PAN) have been extensively
studied (Han et al., 2015; Ben et al., 2016; Yue et al., 2016; Chen et al., 2018; Zhang et al., 2018; Lopez
et al., 2019; Zhang et al., 2019). PEO, a well-known polymer electrolyte, has good stability against Li
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metal, and the solubility of different Li salts in PEO is high.
However, PEO has a low ionic conductivity, and it cannot inhibit
Li dendrite growth due to poor mechanical properties (Bao et al.,
2018).

PEO’s ionic conductivity depends on segmental motion in the
amorphous region of the polymer (Lopez et al., 2019). Various
methods such as cross-linking, polymer blending, and adding
nano-fillers and additives have been used to increase the
proportion of the amorphous phase in PEO in order to raise
PEO’s ionic conductivity (Chen et al., 2016a; Li et al., 2018; Wang
et al., 2018; Zhu et al., 2018; Falco et al., 2019). In addition to the
ionic conductivity enhancement, cross-linking can also improve
the mechanical properties of PEO or poly(ethylene glycol) (PEG),
which is beneficial for the cycling stability of PEO-based solid-
state batteries (Chen et al., 2016b; Lan et al., 2017). Ultraviolet
(UV) photocuring and thermal polymerization are often used to
synthesize cross-linking PEO/PEG to enhance the
electrochemical performance (Malucellia et al., 2005; Pan
et al., 2015; Porcarelli et al., 2016; Falco et al., 2019). Falco
et al. synthesized a UV-cross-linked polymer electrolyte based
on PEO, tetra(ethylene glycol)dimethyl ether, and lithium bis-
(trifluoromethane)sulfonamide (LiTFSI) and proved that UV-
induced cross-linking was an effective method to reduce the
electrolyte’s crystallinity and improve the Li+ transport
number and ionic conductivity (Falco et al., 2019). Pan et al.
reported a solid polymer electrolyte with octakis(3-
glycidyloxypropyldimethylsiloxy)octasilsesquioxane as the
cross-linker, amine-terminated PEG as the polymer, and
LiTFSI as the Li salt. The polymer electrolyte with enhanced
mechanical properties prohibited the growth of Li dendrites (Pan
et al., 2015). Chen et al. designed a copolymer electrolyte by cross-
linking trimethylolpropane triglycidyl ether with poly(ethylene
glycol) diamine, which showed high ionic conductivity and
rendered a stable cycle performance to LiFePO4-based
batteries (Chen et al., 2016b).

In addition to the ionic conductivity and mechanical
properties of PEO, the interfacial compatibility between the
electrolyte and a Li metal anode is also important for the
battery’s cycle performance (Dai et al., 2018). It is necessary to
achieve uniform Li deposition on Li anodes because uneven Li
deposition causes the growth of Li dendrites, formation of dead
Li, and even the short circuit of batteries (Lu et al., 2017; Chai
et al., 2018; Duan et al., 2018; Wu et al., 2018). Khurana et al.
designed a cross-linked polyethylene/PEO polymer electrolyte
and found that the tortuous nanoporous network in the
electrolyte may limit the growth of micrometer-sized Li
dendrites (Khurana et al., 2014).

However, the cycle performance of most ASSLMBs with
cross-linked PEO is not satisfactory, and the mass loading of
active materials in composite cathodes is usually low, limiting
the cell’s energy density (Yang et al., 2019). In this work, we
synthesize a cost-effective cross-linked PEO-based electrolyte
with polyaryl polymethylene isocyanate (PAPI) by a one-pot
reaction. The cross-linking network structure of PEO chain
segments is acquired through the reaction between the hydroxyl
groups (−OH) in PEO and multiple isocyanate groups
(−N=C=O) in PAPI. The cross-linked PEO-based electrolyte

shows better film-forming ability and mechanical properties
than a pristine PEO electrolyte. Based on the cross-linked PEO,
an ASSLMB with an active material mass loading of 1.62 mg
cm−2 shows a stable long-term cycle performance of up to 700
cycles. Even with a high mass loading of 8.4 mg cm−2, the
ASSLMB can steadily run for 180 cycles. Our work shows
that the cross-linked PEO–PAPI electrolyte is a promising
candidate for solid electrolytes used in ASSLMBs.

EXPERIMENTAL SECTION

PEO (Mw ~600,000, Sigma-Aldrich) and LiTFSI (Sigma-Aldrich)
with a weight ratio of 3:1 were mixed and dissolved into
acetonitrile (ACN). In a typical experiment, the total weight of
PEO plus LiTFSI was 0.8 g, and the volume of ACN was 8 ml.
PAPI (Mw 380–400, ~23 wt. % in chlorobenzene) was purchased
from Liaoning Hongshan Chemical Co. Ltd. PAPI solution with a
volume of 0, 0.1, 0.2, 0.3, or 0.4 ml was added to the
PEO–LiTFSI–ACN solution. Then, the mixture was stirred for
more than 12 h to obtain a homogenous solution. Next, the
solution was cast onto a poly(tetrafluoroethylene) substrate
and kept at 70°C for at least 12 h to accomplish the cross-
linking reaction between PEO and PAPI and remove the
solvent. The resulting PEO–PAPI electrolyte membrane with a
thickness of ~140–180 μm was peeled off from the substrate and
stored in an argon (Ar)-filled glove box (O2 < 0.1 ppm, H2O <
0.1 ppm).

Scanning electron microscopy (SEM, Zeiss Merlin) was
performed to analyze the morphology of PEO-based
electrolyte membranes and Li metal electrodes. X-ray
diffractometry (XRD, Rigaku D/max-2500 with Cu-Kα, 40 kV
and 200 mA) and Fourier transform infrared spectroscopy (FTIR,
Bruker Tensor 27 spectrometer) were performed to analyze the
phase structure and chemical groups of the PEO-based
electrolytes, respectively. Thermogravimetric
analysis–differential scanning calorimetry (TGA/DSC,
METTLER TOLEDO 1 HT/1,600) in an Ar atmosphere was
performed to study the thermal stability of the electrolytes. A
differential scanning calorimeter (DSC Q2000, TA Instruments)
was used to measure the glass transition temperature Tg of the
electrolytes. X-ray photoelectron spectroscopy (XPS, PHI
Quantera II) was used to study the electrolyte/electrode
interface after cycling. The stretching test of the electrolyte
with a size of ~10 mm × 17 mm × 0.15 mm was performed
using a Shimadzu EZ-LX HS machine with a stretching speed of
30 mm min−1.

A stainless steel (SS)||PEO-based electrolyte||SS coin cell was
assembled to measure the ionic conductivity of the electrolyte by
using an impedance analyzer (ZAHNER-elecktrik IM6) at
25–120°C at a frequency range of 0.1 Hz–8 MHz. A Li||PEO-
based electrolyte||SS coin cell was used to test the electrochemical
stability window of the electrolyte by linear sweep voltammetry
(LSV, Bio-Logic VMP3) with a rate of 0.1 mV s−1. A Li||PEO-
based electrolyte||Li symmetric cell was used to investigate the
stability of the electrolyte against Li metal. CR2025 coin-type
ASSLMBs were assembled with a LiFePO4 or
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LiNi0.6Co0.2Mn0.2O2 (NCM) composite cathode, PEO-based
electrolyte membrane, and Li metal anode. The composite
cathode contains LiFePO4 or NCM, super-P carbon black

(TeenSky Inc.), PEO, and LiTFSI with a weight ratio of 8:1:1:
0.5. The cycle performance of the ASSLMBs was measured using
a battery test system (CT 2001A, LANHE, China) at 60°C. The

FIGURE 1 | (A) XRD patterns, (B) FTIR spectra, (C) Arrhenius plots of ionic conductivity, and (D) TGA curves of the PEO–PAPI electrolytes. The volumes of PAPI
used in the electrolyte preparation were 0, 0.1, 0.2, 0.3, and 0.4 ml. In (B), the peaks at 950, 1,100, 1,596, and 2,267 cm−1 are assigned to the CH2 rocking vibration,
C-O-C stretching vibration, phenyl group, and −N=C=O group, respectively.

FIGURE 2 | (A) Stress–stain curves and (B) LSV curves of the PEO–PAPI electrolytes. (C)Cycle performance of a Li symmetric cell with a pristine PEO electrolyte at
60°C. (D) Cycle performance of a Li symmetric cell with a PEO–PAPI (0.4 ml) electrolyte at 60°C. The applied current density in (C) and (D) increases from 44 to 88 and
177 μA cm−2, and the corresponding durations are 101, 2000, and 1900 h, respectively.
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voltage ranges for a LiFePO4 battery and an NCM battery were
2.7–4.0 and 3.0–4.2 V, respectively.

RESULTS AND DISCUSSION

Figure 1A shows the XRD patterns of PEO–PAPI electrolytes
with 0–0.4 ml PAPI. All the five samples show crystalline
peaks at ~ 19° and 23.5°, indicating that the crystal structure
of PEO remains after PAPI is added (Wang et al., 2018). It
can be observed that the peaks at 23.5° of the electrolytes with
PAPI become broader in comparison with those of the pure
PEO sample, indicating the reduction of the crystallinity of
the PEO–PAPI electrolytes due to cross-linking (Falco et al.,
2019). Figure 1B presents the FTIR spectra of the PEO
electrolytes with and without PAPI. The peak at
1,596 cm−1 is assigned to the phenyl group of PAPI (Chen
et al., 2017). The absorption peak of −N=C=O groups at ~

2,267 cm−1 disappears in the electrolytes with 0.1 or 0.2 ml
PAPI due to the cross-linking reaction between the −N=C=O
groups of PAPI and the hydroxyl end groups (−OH group) of
PEO (Gong et al., 2016; Zeng et al., 2018), whereas it appears
in the sample with 0.4 ml PAPI, indicating the excess of
PAPI. In addition, the peaks at ~ 950 and 1,100 cm−1 are
assigned to the CH2 rocking vibration and C-O-C stretching
vibration in PEO, respectively (Chen et al., 2016b; Anilkumar
et al., 2017).

The Arrhenius plots of ionic conductivity σ of the PEO–PAPI
electrolytes are shown in Figure 1C. For all the samples, the ionic
conductivity increases continuously from room temperature (RT)
to 120°C. At ~ 60°C, the slopes of the Arrhenius plots change
because of the formation of the amorphous phase from the PEO
crystals (Chen et al., 2016a; Wang et al., 2018). When the cross-
linking agent PAPI is added to PEO, the ionic conductivity
decreases. Supplementary Figure S1 (Supplementary Material)
shows that the Tg of the electrolyte slightly increases after PAPI is

FIGURE 3 | (A) Cycle performance of LiFePO4||PEO–PAPI electrolyte||Li ASSLMBs at 60°C. (B–E) Charge–discharge curves with different cycle numbers of the
ASSLMBs with the PEO–PAPI electrolytes. The volumes of PAPI in (B–E) were 0.1, 0.2, 0.3, and 0.4 ml, respectively.
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added, indicating the reduction of the local segmental mobility of
PEO chains (Bao et al., 2018; Falco et al., 2019). Therefore, the
ionic conductivity of the electrolyte with PAPI is reduced. With
PAPI, the ionic conductivity values at 60 and 120°C are in the
ranges of 9.3 × 10–5−1.3 × 10–4 and 5.9 × 10–4−1.3 × 10–3 S cm−1,
respectively, meaning that the cross-linked PEO-based electrolyte
may be operated at a temperature of 60°C and more.

The thermal stability of the PEO–PAPI electrolytes was
evaluated by TGA, and the results are summarized in
Figure 1D. The cross-linked PEO–PAPI electrolytes show
almost no weight loss from RT to 200°C, indicating that there
is no residual solvent in the electrolytes. All these electrolytes are
stable up to 400°C, indicating that PAPI does not degrade the
thermal stability of PEO. A large weight loss occurs at ~ 400°C due
to the decomposition of PEO.

Supplementary Figures S2A–D (Supplementary Material)
show the photographs of the PEO–PAPI electrolyte membranes
with different PAPI contents. The film-forming ability of the
cross-linked electrolytes is much better than that of the PEO
electrolyte without PAPI (Supplementary Figure S3,
Supplementary Material). For the cases of 0.1–0.3 ml PAPI,
the membranes are homogeneous (Supplementary Figures
S2A–C), whereas the surface of the electrolyte with 0.4 ml
PAPI is not uniform (Supplementary Figure S2D). The SEM
images in Supplementary Figures S2E–H show that all the
PEO–PAPI electrolyte membranes are dense. The one with
0.4 ml PAPI has some particle-like agglomeration due to
excessive PAPI (Supplementary Figure S2H). The
mechanical properties of the PEO–PAPI electrolytes were
characterized by the tensile test. The stress–strain curves of
the electrolytes are compared in Figure 2A. The maximum
stress value in the curve is used to evaluate the tensile strength.
With the increase of PAPI, the tensile strength continuously
increases. The tensile strength of the PEO–PAPI membrane
with 0.4 ml PAPI reaches 10.0 MPa, which is much higher than
that of the membrane without PAPI. The values of Young’s

FIGURE 4 | SEM images of the Li anode surfaces in the ASSLMBswith a
pristine PEO electrolyte membrane after (A) three cycles and (B) 101 cycles.
SEM images of the Li anode surfaces in the ASSLMBs with a PEO–PAPI
(0.4 ml) electrolyte membrane after (C) six cycles and (D) 101 cycles. Li
dendrites in (A) and (B) are marked by white circles.

FIGURE5 | XPSC 1s spectra on the Li anodes of the ASSLMBswith (A) pristine PEO and (B)PEO–PAPI (0.4 ml) membranes after cycling. XPSC 1s spectra on the
cathodes of the ASSLMBs with (C) pristine PEO and (D) PEO–PAPI (0.4 ml) membranes after cycling.
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modulus are 1.6, 11.7, 18.0, 43.7, and 49.4 MPa in the PEO-
based electrolytes with 0, 0.1, 0.2, 0.3, and 0.4 ml PAPI,
respectively. Such significantly enhanced tensile strengths and
Young’s modulus are beneficial for the cycle performance of
batteries.

The electrochemical stability of the PEO–PAPI electrolytes
was studied by LSV measurement at RT. In Figure 2B, it can
be observed that the electrochemical stability window is
~4.5 V for the electrolytes with 0–0.3 ml PAPI and is
~4.0 V for the one with 0.4 ml PAPI. The addition of PAPI
decreases the electrochemical stability window of the
electrolyte, possibly due to the low oxidation potential of
PAPI (Wang et al., 2015). All the PEO–PAPI electrolytes
are stable up to 4.0 V; therefore, they are suitable for
LiFePO4-based Li-ion batteries.

Next, Li||PEO-based electrolyte||Li symmetric cells were
assembled to evaluate the interfacial stability between the
electrolytes and Li metal electrodes. In the cycling test, the
symmetric cells were periodically charged and discharged for
0.5 h at 60°C. The applied current density increased from 44 to 88
and 177 μA cm−2, and the corresponding durations are 101, 2000,
and 1900 h, respectively (Figures 2C, D). For the cell based on the
electrolyte without PAPI, short circuit occurs at 88 μA cm−2 after
615 h of cycling (Figure 2C). In contrast, the cell with a
PEO–PAPI (0.4 ml) electrolyte membrane shows a highly
stable cycle performance for 4,001 h with elevated current
densities (Figure 2D). The electrolyte with enhanced tensile
strength and Young’s modulus by the cross-linking reaction

between PEO and PAPI successfully inhibits the growth of Li
dendrites and avoids the occurrence of short circuit.

Based on the results of the electrochemical stability window in
Figure 2B, LiFePO4||PEO–PAPI electrolyte||Li ASSLMBs were
assembled and tested at 88 μA cm−2 at 60 C. The mass loading of
LiFePO4 was 1.62 ± 0.07 mg cm−2. Figure 3 shows the cycle
performance and corresponding charge–discharge curves of the
ASSLMBs with various PEO–PAPI electrolyte membranes. For
comparison, the charge–discharge curves of the ASSLMB with a
pristine PEO electrolyte are shown in Supplementary Figure S4
(Supplementary Material). Without PAPI, the cell’s capacity
rapidly drops just after three cycles. With PAPI, the cycle life
of the ASSLMB is significantly extended (Figure 3A). The more
the PAPI content is, the better the cycle performance of the
ASSLMB will be. For the case of 0.4 ml PAPI, the ASSLMB lasts
for 700 cycles and delivers a final discharge capacity of 112.8 mAh
g−1. This PEO–PAPI (0.4 ml) electrolyte membrane with the
largest tensile strength and Young’s modulus (Figure 2A) has
the highest ability to inhibit the growth of Li dendrites; therefore,
it renders the best cycle performance to the ASSLMB.

Some ASSLMBs with pristine PEO and PEO–PAPI (0.4 ml)
electrolyte membranes were dissembled after cycling with a
current density of 88 μAcm−2 at 60°C, and the surfaces of the
Li anodes were observed by SEM. For a cell with a pristine PEO
membrane, uneven Li deposition was observed on the Li anode
for just three cycles (Figure 4A). For another cell with pristine
PEO, the discharge capacity suddenly dropped to ~14 mAh g−1

after six cycles due to the growth of Li dendrites, generation of
dead Li, and even occurrence of a micro-short circuit. Then,
obvious Li dendrites were seen on this cell’s anode surface after
101 cycles (Figure 4B). These phenomena are similar to those in
other works (Bao et al., 2018; Zou et al., 2018). In contrast, the Li
deposition on the anodes of the cells with a PEO–PAPI (0.4 ml)
membrane is much more uniform. For a cell with the PEO–PAPI
membrane after six cycles, the surface of the Li anode is as fresh as
that of a pristine Li foil (Figure 4C). For another cell with the
PEO–PAPI membrane after 101 cycles, the Li deposition is still
uniform on the anode (Figure 4D); therefore, the discharge
capacity remains at 150.4 mAh g−1. The SEM images in
Figure 4 confirm that the PEO–PAPI (0.4 ml) electrolyte has
an excellent ability of suppressing Li dendrites.

Next, XPS was carried out to study the chemical
components on the surfaces of the anodes and cathodes of
the ASSLMBs after cycling. In the XPS tests, a battery with a
PEO–PAPI (0.4 ml) membrane was analyzed after 217 cycles
(the discharge capacity was 125.9 mAh g−1), and a cycled
battery with a pristine PEO membrane was dissembled after
failure (the discharge capacity dropped to ~0 mAh g−1).
Figure 5A and Figure 5B show the XPS C 1s spectra on
the Li anode surfaces for the cases of pristine PEO and
PEO–PAPI membranes, respectively. The (–OCH2–CH2–)n
peak at ~ 286.6 eV represents PEO, and the –COOR peak at
~ 288.4 eV is attributed to the decomposition product of PEO
(Simon et al., 2020). The–COOR to (–OCH2–CH2–)n peak
intensity ratio is smaller for the case of PEO–PAPI, indicating
less decomposition of the PEO–PAPI electrolyte during
cycling. The XPS C 1s spectra on the cathode surfaces for

FIGURE 6 | Cycle performance of LiFePO4||PEO–PAPI (0.4 ml)
electrolyte||Li ASSLMBs with a high mass loading of LiFePO4 at 60°C. (A) 5.9
and (B) 8.4 mg cm−2.
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the ASSLMBs with pristine PEO and PEO–PAPI show the
same result in terms of the –COOR to (–OCH2–CH2–)n peak
intensity ratio (Figures 5C, D). Thus, the cross-linking
network structure in the PEO–PAPI membrane reduces the
decomposition of the electrolyte in the charge/discharge
processes due to the enhanced tensile strength and Young’s
modulus. In addition, the XPS F 1s and S 2p spectra on the
anodes (Supplementary Figure S5, Supplementary Material)
and cathodes (Supplementary Figure S6, Supplementary
Material) exhibit the −CF3 and −SO2CF3 peaks representing
LiTFSI and the LiF, respectively, and −SO2CF2

+/LixSyOz peaks
originated from the decomposition of LiTFSI (Simon et al.,
2020). On the cathode, the LiF to −CF3 peak intensity ratio for
PEO–PAPI is smaller than that for pristine PEO, and the
−SO2CF2

+ peak cannot be detected for PEO–PAPI,
indicating that the PEO–PAPI membrane is more stable
than the pristine PEO one when the applied voltage is ≤4.0 V.

Next, the LiFePO4||PEO–PAPI (0.4 ml) electrolyte||Li
ASSLMBs with a high mass loading of active material were
prepared, and their cycle performance at 88 μA cm−2 and 60°C
is shown in Figure 6. The mass loadings of LiFePO4 in the
cathodes are 5.9 and 8.4 mg cm−2, as shown in Figures 6A, B,
respectively. These batteries also have a long cycle life (300 and
180 cycles for the cases of 5.9 and 8.4 mg cm−2, respectively). In
addition, a LiNi0.6Co0.2Mn0.2O2 (NCM)||PEO–PAPI (0.4 ml)
electrolyte||Li battery was assembled and cycled for 110 cycles
between 3.0 and 4.2 V at 60°C (Supplementary Figure S7,
Supplementary material). The electrolytes with a PAPI content
of ≤0.3 ml have a wider electrochemical stability window, but
their tensile strength and Young’s modulus are lower. Thus, the
electrolyte with 0.4 ml PAPI was used in the NCM||Li battery in
this work. The cycle life of the NCM-based battery could be
prolonged by optimizing both the electrochemical stability
window and mechanical properties of the PEO–PAPI
electrolytes, which will be our future work. All the
experimental results show that the PEO–PAPI electrolyte has
good potential in the Li metal batteries with a high-mass-loading
or high-voltage cathode.

CONCLUSION

The cross-linking agent PAPI is introduced to PEO to prepare
a cross-linked PEO–PAPI electrolyte through a one-pot
reaction. The PEO–PAPI electrolytes prepared with various

amounts of PAPI have an ionic conductivity of 9.3 × 10–5−1.3
× 10–4 S cm−1 at 60°C and possess enhanced mechanical
properties and better interfacial stability with Li metal
compared with the pristine PEO electrolyte without PAPI.
The ASSLMB with the optimized PEO–PAPI electrolyte and a
LiFePO4 cathode shows a long cycle life of 700 cycles at 60°C.
Even with a high LiFePO4 mass loading of 8.4 mg cm−2, the
ASSLMB based on the PEO–PAPI electrolyte also shows a
stable cycle performance. Due to the cross-linking network
structure, the decomposition of the cross-linked PEO–PAPI
electrolyte is less than that of a pristine PEO one during
charge/discharge cycling. The experimental data show that
the cycle performance of the ASSLMBs with the PEO–PAPI
electrolyte is affected by the mechanical properties of the
cross-linked solid electrolyte, and the cost-effective cross-
linked PEO-based electrolyte with PAPI is a promising
candidate for solid electrolytes used in ASSLMBs.
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