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Abstract

The performance sensitivity of the solid‐state lithium cells to the synergistic

interactions of the charge‐transport and mechanical properties of the

electrolyte is well acknowledged in the literature, but the quantitative insights

therein are very limited. Here, the charge‐transport and mechanical properties

of a polymerized ionic‐liquid‐based solid electrolyte are reported. The

transference number and diffusion coefficient of lithium in the concentrated

solid electrolyte are measured as a function of concentration and stack

pressure. The elastoplastic behavior of the electrolyte is quantified under

compression, within a home‐made setup, to substantiate the impact of stack

pressure on the stability of the Li/electrolyte interface in the symmetric

lithium cells. The results spotlight the interaction between the concentration

and thickness of the solid electrolyte and the stack pressure in determining the

polarization and stability of the solid‐state lithium batteries during extended

cycling.
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1 | INTRODUCTION

All‐solid‐state batteries are hailed as the holy grail of
battery technology due to their inherent safety and wide
operating range.1‐3 The nonuniform plating of lithium
resulting in dendrite growth and the high interfacial
resistance and instability of the Li/electrolyte interface,
however, remain to be solved.4,5 The mossy/dendritic
morphology of the lithium/electrolyte interface causes
the structural collapse of the cell, and the imperfect
interfacial contact leads to high polarization and early

failure of the cell.4,6,7 A variety of strategies have been
proposed to achieve a stable and low impedance interface
including interface engineering,8,9 electrolyte optimiza-
tion,10,11 polymer engineering,12‐14 integrated composite
electrodes,15,16 thermally driven Li dendrite suppres-
sion,17,18 and applying stack pressure,19,20 among others.
Major breakthroughs are unlikely until the intricate
interactions between the mechanical and charge‐
transport properties of the solid electrolyte and the
lithium/electrolyte interface are understood and holistic
steps are taken.
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The recent computational literature suggests that the
spatially and temporally nonuniform lithium plating and
stripping at the electrolyte interface are significantly
influenced by the synergistic interactions between the
charge transport in the electrolyte and the interfacial
charge‐transfer kinetics.21–29 Particularly, the macro-
scopic physics‐based models have provided invaluable
insights into the possible constructive role of stack
pressure in stabilizing the Li/electrolyte interface. The
impact of pressure on the charge‐transfer kinetics has
been captured by the modified Butler–Volmer kinetic
equations.25–28 The multiscale simulation of the contact
mechanics for the lithium/electrolyte interface has
provided deep insights into the significance of surface
roughness, elastoplasticity, and creep in preserving a
low‐impedance interface and the benefits of stack
compression.28 The charge‐transport properties of the
solid electrolyte have been incorporated into the
modified‐ohms law for the ionic current in the bulk of
the electrolyte parametrized with the lithium transfer-
ence number, ionic conductivity, and diffusion
coefficient.30–33 Stress‐driven ionic current in the bulk
of single‐ion conductor electrolytes has been shown
effective in mitigating the irregular deposition of
lithium.27

The current experimental literature is rich in reports
about the impact of stack pressure, temperature, and
current density on the performance of Li solid‐state
cells.19,34–37 There is, however, very limited literature on
the quantitative analysis and measurement of the
mechanical and transport properties of the solid electro-
lytes and their synergistic effects on the stability of the
Li/electrolyte interface.

In this work, we measure the stress/strain behavior
and a complete set of charge‐transport parameters for a
solid‐polymer electrolyte (SPE), that is, [(LiTFSI in EMI
TFSI): PolyDDA TFSI], as a function of compressive
pressure, lithium concentration, and electrolyte thick-
ness. These parameters are then used for quantitative
analysis of the polarization and stability of the Li/
electrolyte interface in Li|SPE|Li cells during storage and
continuous cycling.

2 | EXPERIMENTAL SECTION

2.1 | Materials

The SPEs with Li ‐ bis(trifluoromethanesulfonyl)imide
(Li TFSI) salt concentrations x of = 0.8, 1, and 1.2M were
prepared with a composition of [(xM LiTFSI in EMI
TFSI): PolyDDA TFSI] [60:40 wt%] by Solvionic. To do
so, first the polymer electrolyte solutions were prepared

by dissolving Li TFSI, EMI TFSI, and polydiallyldimethy-
lammonium (polyDDA) TFSI in acetonitrile. The free‐
standing SPE sheets (Figure S10a) of various thicknesses
were produced by casting the as‐prepared polymer
electrolyte solutions using blade coating (doctor blade)
in ambient conditions. Evaporation of the solvent was
done by leaving the film in ambient conditions for
30min. Afterward, the membrane was dried under
vacuum at 80°C. All the electrolyte components were
weighed in their dry state, under less than 10 ppm of
water and 1 ppm of oxygen conditions. The lithium
electrodes used in the preparation of the cells were
punched from the Li foils with a thickness of 200 μm.

2.2 | Characterizations

An electrochemical pressure‐cell setup with force and
displacement sensors was designed and manufactured in‐
house to measure the stress–strain behavior of the solid
electrolyte samples and to cycle the Li|SPE|Li cells under
controlled pressure (Figure S10b). The setup features an
air‐tight split coin cell with one moving part attached to
the current collector, which can be pressurized. HBK's
force transducer (resolution of 0.1 kPa and accuracy
of 20 kPa) and Keyence's cylinder contact type high‐
precision displacement sensor (resolution of 0.1 μm and
accuracy of 1 μm) head were used to monitor the
pressure and strain, respectively. The cells were as-
sembled inside an argon‐filled glovebox (Mbraun,
O2, and H2O below 1 ppm). All the measurements were
carried out at 25°C and the force and displacement
sensors were calibrated before the tests.

2.2.1 | Electrochemical

Li|SPE|Li cells assembled with SPEs of different thick-
nesses (100 and 300 μm) and salt concentrations (0.8 and
1.2M) were cycled galvanostatically at different current
densities (0.05 and 0.1 mA/cm2) and stack pressures
(1, 2.5, and 5MPa). The electrochemical cycles con-
ducted with Bio‐Logic (VMP3) consisted of 1 h plating
and stripping intervals continuously repeated until short‐
circuit or spike in the voltage. The electrochemical
impedance spectra of the symmetric cells were recorded
over the frequency range of 1MHz–100mHz with an
excitation amplitude of 10mV. The charge‐transport
properties including the lithium diffusion coefficient and
transference number and the ionic conductivity of the
solid electrolyte samples were measured following the
orthogonal experiments of Newman. The transference
number was also measured using the more conventional
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method of Bruce–Vincent for comparison. The details of
the two methods can be found in the Supporting
Information.

2.2.2 | Mechanical

The pressure‐cell setup was used to obtain the compressive
stress–strain curves for the SPE samples with different
thicknesses and concentrations. Compression tests were
performed with SPEs with diameter of 6mm and thicknesses
of 50, 100, 300, 400, and 500 µm. The SPEs of 400 and
500 µm were prepared by stacking the 100 and 300 µm‐thick
samples. All samples were compressed to 50% of the
thickness (i.e., 0.5 strain) a few micrometers at a time to
keep the average strain rates around 10−2 s−1. As such, the
SPEs with thickness of 50, 100, and 300 µmwere compressed
with a rate of 0.5, 1, and 3 µm/s, respectively.

3 | RESULTS

The stability and contact for the SPE/Li interface were
followed for 200 h in the absence of any electrochemical
load by recording the electrochemical impedance spec-
troscopy (EIS) spectra of Li|SPE|Li cells every 2 h at 25°C
(Figure S1). The charge‐transfer resistance (R) at the
Li/electrolyte interface evolves with a peculiar dynamic
during the ~250 h of the storage period after the cell
assembly (Figure 1A,B). A few important observations
are noteworthy. First, the variation in R is nonmonotonic
and the resistance value reaches a maximum and
stabilizes to a minimum only toward the end of the rest
period (>150 h). Second, the stack pressure demonstrates
a constructive impact on the shortening of the stabiliza-
tion time and decreasing the R. The stable resistance
values are on average higher at 1.2M relative to the 0.8M
salt concentration. The resistance values decline with

FIGURE 1 Evolution of the charge‐transfer resistance for the Li|SPE|Li cells during the ~250 h of the storage period after cell assembly
and before the start of cycling was measured by recording the EIS spectra every 2 h at 25°C (Figure S1) at different pressures and for
concentrations of (A) 0.8M and (B) 1.2M and (C) compressive stress–strain curves for the SPE samples with different concentrations and
thicknesses to approximate the effective modulus of elasticity as a function of (D) thickness at two concentrations; (E) concentration at SPE
thickness of 300 µm.
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approximate rates of 17% and 12.5% MPa−1 at 0.8 and
1.2M salt concentrations, respectively. The stabilization
time is decreased by 27%, regardless of the salt
concentration, when the stack pressure is increased from
1 to 5MPa. Similar trends are observed at 0.5 and 1.5M
concentrations (Figure S2). The observed impedance
trends suggest that there are two main competing
mechanisms going on in parallel. The first is the
passivation of the lithium as a result of the side reactions
between the electrolyte and lithium metal, and the
second is the continuous interfacial wetting between the
electrode and the electrolyte. Initial hours are dominated
by the side reactions, which cause an increase in the
impedance, whereas interfacial bonding/wetting starts
dominating at later stages, decreasing the overall
impedance (Figure S1). The latter is governed by the
mechanical properties of the bulk and interface.

During cycling, the SPE undergoes cyclic compressive
stress that steadily increases as unwanted reactions on
the electrodes create irreversible volume changes.20

Therefore, it is of vital importance to study the
stress–strain behavior of the SPEs under compression.

The engineering stress–strain plots for the SPEs with four
different concentrations of 0.5, 0.8, 1.2, and 1.5M were
obtained under compression (Figure 1C). The elastic
(zone I) and plastic (zone II and III) ranges are
distinguished by the yield starting at ~1–1.5MPa above
which the strain continues to increase at a constant
stress. This range of yield stress is quite low compared
with that in the reports for lithium, that
is., 15–105MPa,28,38 and highlights the potential benefit
of the solid electrolyte's creep in promoting a conformal
contact between the lithium and electrolyte at lower
stack pressures. At strains above 30%, the strain
hardening is observed (zone III) that might possibly
originate from the reorientation of the polymer chains39

or/and the barrelling effect induced by the frictional
forces.39,40 The modulus of elasticity (E) for the solid
electrolyte samples shows a nonnegligible sensitivity to
the thickness (Figure 1D) and salt concentration
(Figure 1E). For instance, the electrolytes with a 1.2M
concentration, on average, have a ~10% higher modulus
compared with the samples with a concentration of
0.8M. The value of E increases with an average rate of 3%

FIGURE 2 (A) Ionic conductivity, (B) diffusion coefficient, and (C−F) lithium transference number for the SPE samples with 300 µm
thickness as a function of electrolyte concentration and pressure. The transference values from the Bruce−Vincent method are
superimposed for comparison. It is noteworthy that for the sample with 0.5M Li concentration, the SPE breaks under 5MPa and as such the
data are only presented up to 2.5MPa at this concentration.
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and 4% μm−1 at salt concentrations of 1.2 and 0.8M,
respectively, when the thickness of the electrolyte is
increased from 50 to 500 μm. At lower thicknesses, the
mechanical properties might deteriorate due to edge
effects and low surface‐to‐volume ratio. The SPE's
modulus of elasticity increases with an average rate of
20% M−1 when the lithium concentration increases in the
range of 0.5 to 1.5 M (Figure 1E).

The charge‐transport properties of the solid electro-
lytes were measured at different pressures and electrolyte
concentrations (Figure 2). In the solid electrolyte
literature, it is the ionic conductivity that is mostly
reported and the measurement of a complete set of
charge‐transport properties including the diffusion
coefficient and transference number is exceptional. The
quantitative information about the latter two properties
is crucial, however, to understand and optimize the
performance of the solid‐state batteries made with a
nonsingle ionic conductor as the electrolyte. Li transfer-
ence number (t+) is defined as the fraction of the ionic
current carried by the lithium ions in the electrolyte in
the absence of concentration gradients.30 Any deviation
from t+ = 1 signifies the contribution of diffusion
phenomena in the transport of lithium between the
two electrodes with the consequence of a concentration
gradient build‐up in the electrolyte. To date, t+ has been
measured for the solid electrolytes mainly by the method
of Bruce–Vincent.41 This method, however, is limited to
the ideal and dilute electrolytes.31–33 Newman and co‐
workers developed in 1995 a set of coupled orthogonal
experiments to measure the transport properties of the
concentrated electrolytes and showcased it for an SPE.
This method, however, is rarely used in the solid
electrolyte literature.32,33

In the more concentrated electrolytes (e.g., at 1.2 M),
the average ionic conductivity (0.28 mS/cm) is ~12%
lower relative to that of the electrolyte with 0.8 M
concentration (0.32 mS/cm) (Figure 2A). The increased
pressure, from 1 to 5 MPa, reveals a negative impact on
the ionic conductivity with a decline rate of 2.5% and 5%
MPa−1 at 0.8 and 1.2 M concentrations, respectively.
Further increase of stack pressure beyond 5MPa and up
to 7.5 MPa slightly increases the ionic conductivity for
the SPEs with concentrations higher than 0.5 M
(Figure S3). The SPE with 0.5 M concentration exhibits
the lowest ionic conductivity (0.2 mS/cm) in the
concentration and pressure ranges investigated in this
study (Figure 2A). Similar to other concentrations, the
pressure increase has a negative effect on the ionic
conductivity at 0.5 M. The variation of ionic conductiv-
ity with salt concentration exhibits various trends
depending on the stack pressure (Figure S4). Particu-
larly, unlike the conventional liquid electrolytes in

lithium‐ion batteries, the usual conductivity peak found
at 1 M is absent at higher stack pressures, which
highlights the necessity of a comprehensive sensitivity
analysis including the pressure and concentration in
the formulation of the SPEs. The highest lithium
diffusion coefficient, similar to the ionic conductivity,
is observed for the SPE with 0.8 M concentration and
the lowest diffusion coefficient belongs to the SPE with
0.5 M concentration (2.5 × 10−8 cm2/s). The diffusion
coefficient is on average 5% and 10% higher at 0.8 M
(4.1 × 10−8 cm2/s) compared with the 1.2 M (3.9 ×
10−8 cm2/s) and 1.5 M (3.7 × 10−8 cm2/s), respectively
(Figure 2B). The higher pressure, however, unlike the
ionic conductivity, slightly enhances the diffusion with
the constructive impacts of 1.5% MPa−1 at 0.8 M and
2.8% MPa−1 at higher concentrations.

As expected, we observe a significant difference
between the values of t+ measured from the Newman
and Bruce–Vincent methods (Figure 2C–F). The latter
method determines one order of magnitude higher
transference values (0.34) for the lithium ion compared
with the Newman method (−0.04), which spotlights the
very concentrated and nonideal behavior of our solid
electrolytes in the concentration range of 0.5–1.5 M.
Regardless of the method, higher t+ is obtained at
higher pressures. For instance, for the Newman
method, t+ shows a sensitivity of ~16% and 5% MPa−1

at 0.8 and 1.2 M salt concentrations, respectively. The
transference number is decreased at higher salt concen-
trations (1.2 vs. 0.8 M) up to 27‐ and 1.3‐fold according
to the Newman and Bruce–Vincent methods, respec-
tively. A similar concentration dependence trend to
those of conductivity and diffusion is observed for the
lithium transference number where the smallest t+ is
seen at a concentration of 0.5 M.

The voltage–time profiles of the symmetric Li cells
during constant‐current cycling at 0.05 (Figure 3A) and
0.1mA/cm2 (Figure 3B) were recorded with (dis)charge
periods of 1 h until cell failure, that is, reaching the safety
cut‐off voltage (±5V) or short‐circuit (Figure S5). The
increase of polarization and time‐to‐failure (TTF) of the
cells display a clear correlation with the pressure (Figure 3).
The TTF is postponed by ~40% MPa−1 when the pressure is
increased from 1 to 5MPa under both low and high current
cycling. The resistance build‐up is up to three times faster at
higher currents regardless of the pressure. Cycling at a
higher pressure demonstrates a clear advantage for the
diminution of the resistance rise in the cells. An effective rate
of resistance (ROR) build‐up can be approximated based on
the cell voltage and accumulative charge throughput during
the cycling (Figure S6). At a lower current, the average ROR
decreases from 8.9 to 1 Ωh−1 by increasing the pressure
from 1 to 5MPa (Figure 3A). A similar trend holds true at
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higher currents with a reduction of ROR from 30.6 to
6.9Ωh−1 (Figure 3B). These results suggest that the pressure
can suppress the rise in the internal resistance of the cell by a
factor of ~ 20% MPa−1. The cells with the 1.2M electrolyte
(Figure S7) share the same general trends as the ones at
0.8M with respect to the polarization and its sensitivity to
the pressure. The electrolyte thickness has a noteworthy
impact on the failure time of the cells (Figure 3C,D). The
TTF for cells with the 300 μm electrolyte is extended by
~30%, 33%, and 57% at pressures 1, 2.5, and 5MPa,
respectively, in comparison to the cells with a 100μm
electrolyte. This observation is rather intuitive in view of the
longer path for the dendrites to short out through a thicker
electrolyte. The polarization of the cell is, however,
perversely lower for the cell with a thicker electrolyte
irrespective of the pressure (Figure 3C,D). This

counterintuitive observation suggests that the polarization
in our cells is not dominated by the long‐range transport of
the charged species through the bulk of the electrolyte and
that the interfacial charge‐transfer kinetics has a significant
role. This is in line with the lower charge‐transfer resistance
measured via EIS for the thicker solid electrolytes at the start
of the cycling (Figure S8).

4 | DISCUSSION

In a symmetric binary electrolyte with monovalent cations
and anions, the electrochemical potential of the electrolyte
(μe) and anions (μ_), the cationic transference number (t+),
and ionic current density (i) are correlated according to the
concentrated solution theory30

FIGURE 3 Impact of pressure on the voltage profiles for Li/SPE/Li symmetric coin cells cycled at room temperature with an SPE
thickness of 300 µm and concentration of 0.8 M at the current density of (A) 0.05 mA/cm2, (B) 0.1 mA/cm2. The voltage profiles were
compared between the cells with SPE thickness of 100 µm (black) and 300 µm (red) cycled with 0.05mA/cm2 at different pressures of
(C) 1MPa, (D) 2.5MPa, and (E) 5MPa.

6 of 10 | AGRAWAL ET AL.
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∇ ∇μ
F

κ
i t μ− = − − ,− + e (1)

where F is the Faraday constant and κ is the electrolyte
conductivity. The electrochemical potential of the cation
and anion might be arbitrarily explained by the three
distinct contributions from the chemical potential (μi

0),
the electrical state of the electrolyte (Φ), and the
hydrostatic stress (σ), according to the following
equations:

μ μ FΦ λ σ= + − ,+ +
0 + (2)

μ μ FΦ λ σ= − − ,− −
0 − (3)

where λ+ and λ− stand for the partial molar volumes of
the cations and anions, respectively, in the electrolyte
with a negative sign convention for the compressive
stress.

Equations (1)–(3) can be further combined to obtain a
modified Ohms law for the ionic current inside the
electrolyte considering the effect of stress and electrolyte
concentration (c)

∇ ∇ ∇i κ Φ κ
RT

F
c κ

t λ t λ

F
σ= − + ω ln +

( − )
,+

+
−
−

(4)

where ω is a parameter depending on the thermo-
dynamics and transport behavior of the electrolyte

∂

∂

∂

∂



 


 






t

f

c
t

f

c
ω = 1 +

ln

ln
− 1 +

ln

ln
,−

−
+

+ (5)

where f+ and f− stand for the molar ionic activity
coefficients of cations and anions, respectively.

The stress‐driven current (last term in Equation 4)
can promote the uniform deposition of lithium by
directing the flow of lithium ions away from the locations
under higher compression, that is, the lithium protru-
sions, toward the pores and valleys.26,27 This constructive
effect, however, depends on the transference number and
the partial molar volumes of the lithium ion and the
counter ion in the electrolyte. The stress‐driven current
enhances the uniformity of lithium deposition when
t λ t λ− > 0+

+
−
− and otherwise can even exacerbate the

irregular deposition of lithium and dendritic growth.
This is a synergistic interaction between the mechanical
and transport aspects of the Li/electrolyte interface and it
highlights the significance of developing electrolytes with
higher lithium transference numbers. This can partly
explain the continuous rise of polarization during cycling
even under high compression on account of the very low
t+ in the solid electrolytes used in this work. The very

small values of t+ in our electrolytes reflect the presence
of the negatively charged [LiX(TFSI)Y]

X−Y clusters, which
have been extensively reported in previous computa-
tional and experimental studies.42–44 These clusters have
a sufficiently long lifetime, which makes them relevant
for Li‐ion transport via a vehicular transport
mechanism.43

The efficiency of the compression approach to
enhance the stability of the lithium–electrolyte interface
depends on the static and dynamic mechanical properties
of both lithium and solid electrolytes. The creep of
lithium and solid electrolytes can enhance the uniformity
of the interface when one or both yield under pressure.
Considering the considerably higher yield strength
of the Li metal (~15–105MPa)38 compared with the yield
stress of our samples (<2MPa), the flow of the solid
electrolyte seems to relatively dominate the observed
enhancement of contact in our cells (Figure 1). The stress
distribution in the electrolyte bulk and at the
interface with Li influences not only the dynamics of the
creep phenomena but also the ionic current (Equation 4)
distribution in the cell. In this regard, not only the
intrinsic mechanical properties of the solid electrolyte
(e.g., modulus of elasticity) but also the electrolyte
thickness will impact the dynamics of current and stress
distribution in the cell. This might explain the lower
polarization and stability of the thicker electrolytes during
cycling (Figure 3C–E). The effect of salt concentration on
the charge‐transport properties of the liquid electrolytes is
well understood30 from the perspective of the ion–ion
interactions in a concentrated solution. The nonnegligible
role of stress/strain in the solid electrolytes, however,
lends more significance to the role of salt concentration
because of its additional impact on the mechanical
properties of the solid electrolyte (Figure 1D). In this
regard, the lower polarization observed for the cells with
the electrolyte formulation of 0.8M, relative to the more
concentrated electrolytes, might be partly credited to the
lower effective modulus of elasticity and yield stress of
0.8M samples facilitating the creep and enhancing the Li/
electrolyte contact. The complex charge‐transport behav-
ior of the SPE is not only reflected in the nonmonotonic
variations of κ, D, and t+ with the concentration in the
range of 0.5 to 1.5M (Figures 2 and S9) but also in the
nonuniformity of variation trends among κ, D, and t+ in
response to the change of stack pressure. Such complexi-
ties might be qualitatively explained by the nonlinear
variations of the effective concentration of charge carriers
(c) and the binary diffusion coefficients ( jD ) in the context
of a simplified framework such as the (moderate) dilute
solution theory for a binary electrolyte and after neglecting
the thermodynamic correction factor for the salt diffusion
coefficient30

AGRAWAL ET AL. | 7 of 10
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κ
F

RT
c= ( + ) ,

2

+ −D D (6)

D =
2

+
,+ −

+ −

D D

D D
(7)

t =
+

.+
+

+ −

D

D D
(8)

One might speculate that the stack pressure has a
positive and negative correlation coefficient with +D and

−D , respectively, with a higher pressure sensitivity for −D .
Such a hypothesis can correctly explain (Equations 6–8)
the experimental trends for the variations of κ, D, and t+
with pressure (Figure 2) where the simultaneous rise of
the diffusion coefficient and lithium transference num-
ber is concurrent with the decline of ionic conductivity at
a given concentration. Such an opposite sensitivity of the
Li+ and its counter ion's mobility to the pressure might
be understood in the context of the smaller size of Li+

relative to TFSI− and the confinement effects reported for
the ionic liquids.45–49 The confinement effect considers a
deviation of the transport properties of an ionic liquid
from its bulk values when placed in a submicron or
nanoscale confinement as a result of a complex interplay
between competing effects involving local concentra-
tions, ionic mobility hindrance, and dynamical molecular
cross‐interactions. In this regard, the compression of the
SPE seems to induce a mobility enhancement and
hindrance for the lithium and its counter ion, respec-
tively, which needs further investigation beyond the
scope of the current research.

5 | CONCLUSIONS

In this work, a solid‐polymerized ionic‐liquid electrolyte
was used as a model experimental system to shed some
light on the complex interactions among the charge‐
transport and mechanical properties of an SPE for
application in lithium batteries. The mechanical and
transport properties of the electrolyte were showcased to
be sensitive to the electrolyte concentration, thicknesses,
and stack pressure. The polarization and stability
behavior of the symmetric Li cells under compression
and over continuous cycling were discussed and quantif-
ied in view of the synergistic interactions between the
charge‐transport and mechanical parameters in the bulk
of the electrolyte and the contact elastoplasticity at
the Li/electrolyte interface. The significant deviation
between the lithium transference values measured via
the conventional method of Bruce–Vincent and
Newman was highlighted for the concentrated solid

electrolytes and its implications were discussed for the
design and optimization of the nonsingle ionic conduc-
tors. Our findings highlight the need for a holistic
approach in the design of SPEs in which the interactions
among the lithium transference number and mechanical
properties of the electrolyte are accounted for by proper
optimization of the salt concentration, electrolyte thick-
ness, and stack pressure. The results suggest that the SPE
at 0.8 M lithium concentration and with a stack pressure
of 5MPa results in the best performance of Li/SPE/Li
cells. Further research needs to concentrate on the
integration of the solid electrolyte in the Li‐insertion
porous electrodes to optimize the intimate contact
between the active‐material particles and SPE in thick
porous electrodes.
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