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Effect of Stack Pressure on the Microstructure and Ionic
Conductivity of the Slurry-Processed Solid
Electrolyte Li7SiPS8
Duc Hien Nguyen, Markus Osenberg, Christian Schneider, Julian Moosmann,
Felix Beckmann, Ingo Manke, and Bettina V. Lotsch*

All-solid-state batteries (ASSBs) have gained much interest in recent years
because they promise higher energy and power densities as well as improved
safety over lithium-ion batteries (LIBs). This is achieved by using non-
flammable solid electrolytes (SEs) together with lithium metal or high-capacity
silicon anodes. One major hurdle to overcome is the permanent intimate
contact of all cell components to enable long-term cycling stability. This study
investigates the macroscopic (microstructure) and microscopic (atomistic)
effects of uniaxial stack pressure on the transport properties of free-standing,
slurry-processed tetragonal Li7SiPS8 (t-Li7SiPS8) sheets, containing different
solid electrolyte (SE)-to-binder ratios (SE:B) and particle size fractions.
The results demonstrate that binder content and particle size significantly
influence the morphology as evidenced by synchrotron-radiation computed
tomography (CT), pressure response, and ionic conductivity of the sheets.
Notably, while compression mechanics are consistent across samples, relative
densities, and ionic conductivities are more dependent on binder content than
particle size. Larger particles and lower binder contents generally led to higher
ionic conductivities. The study also reveals that activation volumes appear
to increase with binder content, suggesting that extrinsic factors, particularly
the binder, may obscure the calculation of the intrinsic activation volumes
of t-Li7SiPS8. Thus, the obtained values for binder-containing sheets may be
considered apparent values. Contrary to expectations, repeated compression
cycles led to a decreased ionic conductivity and relative density, likely due to
microstructural damage and increased (apparent) activation volumes. Overall,
the study serves as a reminder to the community to carefully interpret intrinsic
values, such as the activation volume, and by extension the activation
energy, in the increasingly popular binder-containing SE sheet systems.
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1. Introduction

As of today, lithium-ion batteries (LIBs)
are the leading technology for electri-
cal energy storage and are widely used
in most electronic devices due to their
high reliability and long cycle life.[1–3]

With increasing demands for higher en-
ergy densities and safety, however, the
need for alternative energy storage tech-
nologies beyond LIBs is steadily grow-
ing. One promising candidate is the all-
solid-state battery (ASSB), in which the
conventional organic solvent-based elec-
trolyte is replaced by a solid electrolyte
(SE). The ASSB-technology promises not
only a higher safety owing to the non-
flammability of the SE but also higher en-
ergy densities above 500Wh kg−1 and fast
charging,[4–6] if Li-metal anodes[7–9] and
high capacity cathodematerials (e.g. tran-
sition metal oxides[10–12] or sulfur[13,14])
are used. Contrary to liquid electrolytes,
which ensure good interfacial contact be-
tween particles and electrodes, SEs often
face challenges in maintaining optimal
interfacial contact due to their rigid na-
ture, especially during operation, where
volume changes can occur. By applying
external pressure, the solid components
can be deformed and their interfaces
modified so that contact loss between
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Figure 1. a) Evolution of relative densities of pristine t-Li7SiPS8 and t-Li7SiPS8-based sheets containing different binder weight fractions with varying
pressure. The samples consist of < 50 μm particles. b) Heckel plot analysis of the same samples shown in (a). The gray shaded area up to 0.4GPa
corresponds to particle rearrangement (A), whereas the white area corresponds to plastic deformation (B) and likely minor elastic deformation (C)
during compression. The dashed lines indicate the linear regime in phase (B), while the horizontal lines serve as an aid to estimate the relative densities
of the samples. Filled and hollow data points correspond to the compression cycle and the pressure release (decompression) cycle, respectively.

particles and microstructural cracking is minimized. This step is
critical for achieving excellent cyclability, as it enables intimate
contact, promoting efficient electronic and ionic transport.[15]

A distinction is made between two types of external pres-
sure, namely fabrication and stack pressure. Fabrication pres-
sure describes the pressure typically applied during the manu-
facturing process of electrodes and SE-based separators. It in-
volves the improvement of density and internal contacts within
the powdered starting materials and includes isostatic or uniax-
ial (cold) pressing of the SE and electrode pellets and/or calen-
dering (roll pressing). Stack pressure denotes the constant pres-
sure applied during measurement/operation and is responsible
for keeping cell components together, reducing the dead space
between single cells, and enhancing the contact between elec-
trodes and SEs. In recent years, the effect of (stack) pressure on
SEs, especially on thiophosphates (e.g., Li10GeP2S12 (LGPS))

[16,17]

and lithium argyrodites (e.g., Li6PS5Cl (LPSCl)),
[18,19] has gained

more attention, owing to their mechanically soft properties.[20–22]

These studies showcase the need for detailed reporting of exper-
imental parameters, like pressure, to better compare and evalu-
ate key performance indicators of SE.[23] Especially the ionic con-
ductivity of SEs can vary between orders of magnitude within
a material, as shown by previous works.[24,25] Indeed, signifi-
cant insights on the influence of pressure have been gained
on, for example, the initial discharge capacity with improved ca-
pacity retention[26–30] due to the enhanced contact of the elec-
trodes and SEs during cycling.[31–35] Other studies showed re-
duced Li dendrite formation[36–39] and enhanced cyclability with
Li-metal ASSBs[19,40,41], to name just a few. In a recent system-
atic study on LGPS-like fast ion-conducting tetragonal Li7SiPS8
(t-Li7SiPS8) we disentangled macroscopic from microscopic ef-
fects on the ionic conductivity, supported by simulations based
on the discrete element method (DEM) and finite volume anal-
ysis (FVA).[42] Taking this study as a blueprint, we systemat-
ically investigate the macroscopic (microstructure) and micro-
scopic (atomistic) effects of the stack pressure on the density

and impedance of slurry-processed t-Li7SiPS8 sheets with varying
binder contents and particle size fractions. Our findings indicate
that both binder content and particle size significantly affect the
sheets’ morphology and pressure behavior as confirmed by syn-
chrotron tomography, with all samples following the empirical
Heckel equation for powder compression, revealing distinct com-
paction regimes. Additionally, electrochemical impedance spec-
troscopy (EIS) measurements – conducted under single and re-
peated compression/decompression cycles – demonstrate that
the ionic conductivity shows a maximum in a certain stack pres-
sure range, and is strongly influenced by binder content and par-
ticle size, while extrinsic factors, i.e., binder, likely influence the
derived (apparent) activation volumes.

2. Results and Discussion

2.1. Effect of Binder Content and Particle Size on the
Compression Behavior of t-Li7SiPS8 Sheets

Figure 1a compares the evolution of relative densities with ap-
plied variable pressure on sheets with different binder contents,
as well as on a pristine powder sample (exemplary for < 50 μm
particles). The relative densities of the samples consisting of
larger particle size fractions are summarized in Figure S3 (Sup-
porting Information). To understand the underlying compaction
mechanism of the t-Li7SiPS8 sheets, we first need to mention the
Heckel equation[43] derived from the compaction of metal pow-
ders, which is as follows:

ln
(

1
1 − 𝜌rel

)
= Kp + A, (1)

where 𝜌rel is the relative density of the sample at pressure p.K and
A are the slope and y-intercept of the linear region of the Heckel
plot (Figure 1b), respectively.
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For a more in-depth description of the Heckel plot, we refer to
the Supporting Information and the study by Schneider et al.[42]

The samples show a sharp increase in relative density, which
is accompanied by an initial curvature due to particle rearrange-
ment (phase A) up to approximately 0.4GPa. Above 0.4GPa, we
observe a linear increase (dashed lines), which is reminiscent
of plastic deformation (phase B). By calculating the inverse of
the slope K of the dashed lines, the resulting value serves as
the mean yield pressure Pm of the material, which describes the
stress required for thematerial to deform plastically.[43–46] The Pm
of 0.59(3)GPa for the pristine sample increases to 1.31(5)GPa for
the 98:2 wt%, to 3.92(4)GPa for the 95:5 wt%, and to 5.62(4)GPa
for 90:10 wt% sheets. These results indicate easier plastic defor-
mation for pristine samples and, inversely, more difficult plastic
deformation for sheets with increasing binder content. The final
elastic deformation phase (C) at high pressure is often character-
ized by an upward curvature,[47,48] which is not observed in our
samples. It is possible that either not high enough pressures were
applied for this phase to occur or, more likely, that elastic defor-
mation takes place during phase (B). Lastly, in the final phase
of decreasing the pressure – the elastic recovery phase (D) – the
sample relaxes into its final dimensions.[49,50]

With the knowledge of how to interpret the different phases
in the Heckel plot in mind, we can take a look at Figure 1 in
more detail. We notice that all samples show an initial relative
density of about 60% and a sharp non-linear increase, typical for
particle rearrangement, in phase (A) until about 0.4GPa. A larger
increase in relative density is observed for the pristine sample
(or low binder content sheets) compared to the high binder con-
tent sheet. Two possible explanations exist: first, a statistically
greater number of rearrangements of loose particles occurs, as
more individual particles are present in the same sample mass
per volume in the pristine case, compared to the sheets. Second,
the binder fixates individual SE particles, impeding rearrange-
ment. These two effects are more pronounced the more binder is
present in the sample. The highest relative density is observed for
pristine t-Li7SiPS8, reaching up to 98%, followed by the 98:2 wt%
sheet with roughly 94%. The higher binder-containing sheets
reach their maximum relative densities at around 87% for 95:5
wt% sheets and at around 83% for 90:10 wt% sheets. When the
pressure is released, the final relative densities are on average 3-
4 % lower than the corresponding maximum relative densities.
We conclude that the presence of the binder prevents the sheet
from reaching as high relative densities as compared to the pris-
tine sample and that the amount of binder determines the final
relative density.

2.2. Influence of In-Situ Uniaxial Pressure on the Ionic
Conductivity of t-Li7SiPS8 Sheets

To investigate the effect of the uniaxially applied pressure on the
ionic conductivities of the samples, electrochemical impedance
spectroscopy (EIS) measurements were conducted at different
stack pressures at room temperature and are summarized in
Figure 2.
The highest ionic conductivities (approximately 7 mS cm−1)

are observed for pristine t-Li7SiPS8 between 0.1 − 0.2GPa. Un-
like the sheets, which were slurry-processed and thus came in

contact with solvent, the pristine samples were not treated with
solvent, which is known to negatively affect the ionic conduc-
tivity. Therefore, it is expected that pristine samples should ex-
hibit higher conductivities.[51] Furthermore, the binder content
influences the maximum attainable ionic conductivity, with low
binder content sheets showing higher conductivities.[52,53] The
98:2 wt% sheets reach peak conductivities up to 4 mS cm−1 be-
tween 0.2–0.5 GPa. In comparison, the 90:10 wt% sheets exhibit
conductivities up to 1mS cm−1 in the same pressure range, while
the conductivity values of the 95:5 wt% sheets lie between those
of 90:10 wt% and 98:2 wt% sheets.
Generally, lower conductivities are measured for sheets con-

sisting of smaller-sized particles (Figure 2c), as compared to
the sheets containing 50 − 100 μm (Figure 2b) or > 100 μm
(Figure 2c) particle sizes. This observation is consistent with a
previous study, where also higher Li diffusivities were found in
such sheets and can be explained by fewer inter-particle grain
boundaries and binder contributions that both negatively affect
ion transport.[54]

Independent of the binder content and particle size, the high-
est ionic conductivities are usually observed between 0.2-0.5 GPa
for the sheets and 0.1-0.2 GPa for the pristine samples. Beyond
these pressure values, we notice a decrease in conductivity due
to the molar volume compression of the unit cell, which will be
explained in the following section. When the pressure is released
(decompression), we observe that the conductivities at high stack
pressures tend to be lower than during the compression cycle.We
attribute this to the so-called “springback” effect stemming from
the internal relaxation of the SE particles and binder after pres-
sure release causing microstructural contact loss between the SE
particles, as observed in previous studies.[52,55] However, it is ob-
served that the conductivities obtained during decompression at
low stack pressures are significantly higher than during compres-
sion, especially for the pristine samples.
The final conductivities obtained at the last release step

(0.01GPa) differ a lot depending on the binder content. Low
binder sheets (98:2 wt%) prove to be better than high binder
sheets (90:10 wt%) in terms of conductivity. The values are
between 1.5 − 2 mS cm−1, which are on average four to five
times higher than those of the 90:10 wt% sheets (approximately
0.4 mS cm−1).
Exemplary Nyquist plots of 90:10 wt% sheets (<50 μm parti-

cles) obtained at various stack pressures in the release cycle (de-
compression) are shown in Figure 2d. Here, we observe decreas-
ing resistances with decreasing pressure from 1.5 until 0.4GPa.
This is attributed to the relaxation of the unit cell after compres-
sion for better Li diffusion. From 0.3GPa the resistance increases
again, likely due to less benign (i.e., less conformal) contacts
within the sample and to the electrode.

2.3. Influence of Uniaxially Applied Pressure on the Activation
Volume of t-Li7SiPS8 Sheets

As described above, the ionic conductivity first increases non-
linearly with increasing pressure - the reason for this being par-
ticle rearrangement and fragmentation - until it reaches a max-
imum. The peak conductivities are generally observed between
0.2 − 0.5GPa, independent of the binder content and particle
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Figure 2. Evolution of the total ionic conductivities of pristine t-Li7SiPS8 and t-Li7SiPS8-based sheets containing different binder weight fractions and
different particle sizes of a) < 50 μm, b) 50 − 100 μm, and c) > 100 μm with varying stack pressure. Filled and hollow data points correspond to the
compression cycle and the release (decompression) cycle, respectively. d) Exemplary Nyquist plots of a t-Li7SiPS8-based sheet with 10 wt% binder
content and composed of < 50 μm particles during the pressure release cycle. Decreasing impedance is indicated by the different blue-shaded data
points from 1.5 to 0.4GPa, while increasing impedance is indicated by the different orange-shaded data points from 0.3 to 0.01GPa.

size. Above this pressure range, a decrease in ionic conductivity
is observed. Here, elastic molar volume compression takes place.
The resulting compressed unit cell of t-Li7SiPS8 shows lower Li
diffusion, whichwas previously confirmed via ab initiomolecular
dynamics (AIMD) simulations and discussed in detail by Schnei-
der et al.[42] In essence, the dependence of the ionic conductivity
on (stack) pressure is linked to the activation volume ΔV , which
can be calculated using

ΔV ≈ −kBT
(
𝜕ln(𝜎)
𝜕p

)
T,Ni

(2)

where kb is the Boltzmann constant and T is the temperature.
The activation volume describes the difference between the vol-
ume that is required by a mobile species (here Li-ion) to migrate

from one site to another (Vm) and the free volume provided by
the (anionic) sublattice (Vf ):

ΔV = Vm − Vf (3)

Any non-zero activation volume indicates an imbalance between
the free volume of the structure and the required migration vol-
ume. Positive activation volumes are obtained when the lattice
has to locally expand for themigrating ion to pass through, which
would otherwise be too narrow for its size.[56–59] The activation
volume usually becomes negative when ion transport improves
with increasing pressure.[60,61]

When the pressure is plotted against ln(𝜎), we can estimate the
activation volume from the fitted slope as shown exemplarily in
Figure 3a for the < 50 μm particles containing samples.

Adv. Mater. Interfaces 2025, 12, e00845 e00845 (4 of 10) © 2025 The Author(s). Advanced Materials Interfaces published by Wiley-VCH GmbH
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Figure 3. a) Natural logarithm of the total ionic conductivities obtained in the pressure release cycles of pristine t-Li7SiPS8 and t-Li7SiPS8-basedsheets
containing different binder weight fractions. The samples consist of < 50 μm particles. From the fitted slopes the activation volumes of t-Li7SiPS8 in
each sample can be calculated. b) Comparison of the activation volumes of pristine t-Li7SiPS8 and t-Li7SiPS8-based sheets containing different binder
weight fractions with different particle size fractions.

This results in an activation volume of approximately
1.42(2) cm3mol−1 for the pristine sample, which is in agreement
with the literature.[42] While for the 98:2 wt% sheet an activation
volume of 1.75(6) cm3mol−1 is estimated, the value increases to
2.11(5) cm3mol−1 for the 95:5 wt% sheet and to 2.15(4) cm3mol−1

for the 90:10 wt% sheet. Figure 3b categorizes the activation vol-
umes of t-Li7SiPS8 in all samples relative to the different particle
size fractions.
We observe similar activation volumes for the pristine

t-Li7SiPS8 samples irrespective of their particle sizes (gray bars).
From this, we can exclude any significant correlation between
the activation volume and the particle size fraction. Considering
that the activation volume is fundamentally an intrinsic mate-
rial property, it should not depend on extrinsic factors like size
or form. However, this changes for the sheets, where we, first,
observe higher activation volumes compared to the pristine sam-
ples and, second, increasing activation volumes with increasing
binder content. When comparing only the sheets, the highest ac-
tivation volumes are generally calculated for sheets composed of
<50 μm particles, whereas the corresponding sheets incorporat-
ing>100 μmparticles tend to show lower values. For example, for
the 90:10 wt% sheet consisting of >100 μm particles, an activa-
tion volume of 1.56(4) cm3mol−1 is estimated, which is just 10%
higher than the value of the pristine sample. In contrast, the same
sheet composition with <50 μm particles has an approximately
50% higher value with 2.15(4) cm3mol−1. The activation volumes
of t-Li7SiPS8 in the sheets containing 50 − 100 μm particles fall
between those of <50 μm and >100 μm particle-sized sheets.
It seems that the activation volume of t-Li7SiPS8 calculated

from the sheets is affected by both the particle size fraction and
the binder content. However, given the insensitivity of the acti-
vation volume to the particle size in the pristine sample, the ob-
served effects may be related to the particle size only indirectly
and be predominantly related to the presence of the binder. It is
thus reasonable to attribute the observations to external factors
such as the samples’ microstructure, and particularly the ratio of

surface area to volume exposed to the binder. Despite the same
amount of binder, the surface area of <50 μm particles with re-
spect to their volume is much larger than that of >100 μm par-
ticles, hence, interacting more extensively with the binder. Con-
versely, the ratio of surface area to volume of >100 μm particles
is much smaller than that of <50 μm particles, resulting in fewer
particles being affected by the binder. We need to emphasize that
the activation volume is a material-specific, i.e., intrinsic prop-
erty, which should not be influenced by the (non-conducting)
binder. The fact that we do observe a deviation from the refer-
ence value of the pristine sample thus leads to the assumption
that the sheets’ activation volumes have to be considered as ap-
parent, rather than intrinsic values upon binder incorporation.
We use the term “apparent” activation volume here, since we
assume that the presence of the binder makes it more difficult
to access the “true” intrinsic values of t-Li7SiPS8 in such sheets.
Even though the binder plays a significant role, its contribution
to the calculation of the activation volume is not directly captured
by equation (2). The activation volume is derived from the ionic
conductivity, which itself is influenced by a myriad of factors, in-
cluding the microstructure.

2.4. Particle-Size Evolution Observed by 3D Synchrotron CT

To complement the electrochemical andmechanical analyses, we
investigated the particle-size distribution (PSD) and microstruc-
tural evolution of the t-Li7SiPS8 sheets using synchrotron-
radiation-based X-ray computed tomography (CT). For the
sheet compositions containing high/low binder amounts and
large/small particles, representative 3D volume reconstructions
were acquired both before and after applying the target uniaxial
stack pressure (1.5GPa). Through segmentation of the CT data,
we successfully distinguished the solid t-Li7SiPS8 phase, binder-
rich regions, and pore spaces as shown in Figure 4.
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Figure 4. Two example 3D renderings of 90:10 wt% sheets (>100 μm particles) before (left) and after (right) compression. The particles are colored
according to their diameter. In the uncompressed state the binder could be segmented and is shown in gray.

The PSDs of the t-Li7SiPS8 particles were then quantified
by calculating the equivalent spherical diameter of each seg-
mented particle within the 3D volumes. These volume-weighted
PSDs were subsequently Gaussian-fitted to extract key param-
eters: the mean equivalent diameter (xc) and the distribution
width (w) of secondary particles before and after compression.
A summary of these parameters for the different compositions,
along with the corresponding fitted distributions, is presented in
Figure 5.
As expected, the initial PSDs reflected the nominal particle-

size fractions: the small-particle sheets exhibited mean diame-
ters of approximately 23.57 ± 0.07 μm (high binder) and 22.75 ±
0.09 μm (low binder), while the large-particle sheets showed
significantly larger mean diameters of about 100.6 ± 2.0 μm
(high binder) and 72.3 ± 1.5 μm (low binder). The distribution
widths (w) ranged from roughly 13.7 − 13.9μm for small-particle
samples to 66.2 − 70.4μm for large-particle samples before
compression.

After uniaxial compression, the PSD evolution was strongly
dependent on both binder content and initial particle size. In
the high-binder samples, the mean diameter xc decreased sig-
nificantly, from 23.57 μm to 19.94 μm for the small-particle sheet
(a reduction of 3.63 μm or 15.4%) and from 100.6 to 76.0 μm for
the large-particle sheet (a reduction of 24.6 μm or 24.5%). Corre-
spondingly, the distribution width w narrowed from 70.4 μm to
35.6 μm(a 49.4%decrease) in the large-particle, high-binder sam-
ple, indicating fragmentation into a more uniform, but overall
smaller particle population. The small-particle, high-binder sam-
ple showed a minor decrease in w from 13.93 μm to 13.44 μm
(about 3.5%).
Conversely, in the low-binder sheets, PSD changes varied

with particle size. The large-particle, low-binder sheet exhibited
negligible change in mean diameter (xc)—from 72.3 μm to
73.0 μm, a 1.0% increase within measurement uncertainty—
while the distribution width decreased markedly from 66.2 μm to
47.4 μm (a 28.4% reduction), suggesting elimination of extreme

Figure 5. Volume weighted particle-size distributions representing the before and after compression state of t-Li7SiPS8 sheets with differing particle sizes
(>100 μm vs. < 50 μm) and binder contents (98:2 wt% vs. 90:10 wt%). a) Shows “before” state and b) the “after-compression” state. The parameters
of the respective Gaussian fits are listed in the Supporting Information in Table S2.
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Figure 6. Evolution of the total ionic conductivities (blue) and activation energies (orange) of pristine t-Li7SiPS8 (left graph) and t-Li7SiPS8-based sheet
with 98:2 wt% (right graph) with varying pressure at 20 ◦C. Both samples consist of <50 μm particles.

particle sizes but retention of the bulk particle size. In stark con-
trast, the small-particle, low-binder sheet experienced a signifi-
cant increase in xc from 22.75 μm to 28.70 μm, corresponding to
a 26.1% increase, accompanied by a substantial broadening of
the PSD width from 13.71 to 20.46 μm (a 49.2% increase). This
indicates that particle rearrangement and agglomeration likely
dominated over fragmentation in this sample.
These trends suggest that high binder content consistently

promotes fragmentation under compression, reducing mean
particle size and narrowing distributions, particularly evident
in both particle size fractions. Meanwhile, low binder con-
tent permits different behaviors depending on initial parti-
cle size: large-particle sheets maintain their mean size with
some narrowing of the size distribution, whereas small-particle
sheets show an effective growth of particle size and PSD
broadening, likely due to agglomeration or binder bridging
effects.
Overall, these microstructural evolutions directly impact the

density and connectivity of particle interfaces and grain bound-
aries, which are critical factors influencing ionic conduction path-
ways and thus transport properties. The fragmentation observed
in high-binder sheets is consistent with increased grain boundary
resistance and higher apparent activation volumes, while the ag-
glomeration tendencies in low-binder, small-particle sheets could
improve particle contact and enhance percolation pathways or af-
fect tortuosity in complex ways, as further discussed in the sub-
sequent section.

2.5. Temperature-Dependent EIS Measurements at Different
Pressures

In addition to the pressure-dependent EIS studies at room tem-
perature, temperature-dependent EIS studies at variable stack
pressures were conducted. The total ionic conductivity 𝜎tot shows

a temperature dependence, thus, the activation energy EA can be
derived from the Arrhenius-type equation:

𝜎totT = 𝜎0exp
(
−

EA
kBT

)
(4)

where 𝜎0 is the pre-exponential factor, kB is the Boltzmann con-
stant, and lastly T is the temperature. Exemplary Arrhenius plots
of the 98:2 wt% sheet (<50 μmparticles) at different pressure val-
ues are depicted in Figure S10 (Supporting Information). From
the slope, the activation energy at each pressure can be extracted,
while the pre-exponential factor can be obtained from the y-
intercept.
Figure 6 summarizes the evolution of the activation energy

and conductivity with pressure at 20 ◦C of pristine t-Li7SiPS8 (left
side) and the 98:2 wt% sheet (right side). Taking a closer look at
the data of the pristine sample, at the initial pressure of 0.01GPa,
an activation energy of 0.33 eV and an ionic conductivity of ap-
proximately 4.7 mS cm−1 is obtained. The larger error bar asso-
ciated with these values is attributed to the poor contacts within
the sample and with the electrode at low pressure. With increas-
ing pressure, a decrease in activation energy is observed, reach-
ing a minimum of 0.28 eV between 0.05-0.1 GPa. Contrary, the
ionic conductivity reaches its peak of 6.1 mS cm−1 at 0.1GPa.
As the pressure increases, the effect of elastic deformation re-
sults in a decrease in conductivity to 2.4 mS cm−1, while the ac-
tivation energy increases to 0.31 eV at 1.5GPa. Similar trends are
observed for the 98:2 wt% sheet albeit with lower conductivities
and higher activation energies. The conductivity increases from
0.9 mS cm−1 (at 0.01GPa) to a peak conductivity of 2.7 mS cm−1

between 0.3–0.5 GPa, before a decrease to 1.3mS cm−1 at 1.5GPa
is observed. It is noteworthy that the sheets’ activation ener-
gies are consistently about 20 − 30meV higher than that of the
pristine sample. As previously seen, the evolution of the activa-
tion energy with pressure inversely mirrors the behavior of the
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conductivity. An increase in conductivity is accompanied by a de-
crease in activation energy, and vice versa.
Comparable findings are made with the samples consisting of

>100 μm particles (Figure S11a, Supporting Information). The
pristine sample (left side) displays a comparable behavior of both
the conductivity and activation energy curves, with similar val-
ues to those observed in the <50 μm particle variant. Addition-
ally, a more pronounced activation energy minimum of 0.26 eV
at 0.05GPa can be noticed. This minimum does not align with
the peak conductivity (6.2 mS cm−1), unlike with the <50 μm
particles. Instead, the peak conductivity is found at a slightly
higher pressure of 0.2 GPa.
The 98:2 wt% sheet composed of >100 μm particles (right

side) shows a similar behavior with respect to the sheet made of
<50 μm particles, and the activation energy values are compara-
ble. The only difference is that the pressure range at which the ac-
tivation energy minima and peak conductivities are found, shifts
to higher values between 0.5–0.7 GPa. It appears that samples
incorporating >100 μm particles require higher (stack) pressures
before reaching peak conductivities. One possible reason may be
the overall lower relative densities with such samples, as seen in
Figure S3 (Supporting Information).
The 10 wt% binder-containing sheets were also explored and

are summarized in Figure S11b (Supporting Information, <
50 μm left side, >100 μm right side). Overall, the conductivi-
ties show a similar behavior, albeit with even lower values than
seen with the lower binder containing sheets. However, unlike
before, the activation energies do not inversely scale with the
conductivities and do not follow a clear trend. Instead, the val-
ues of the activation energy are higher, especially for the sheet
with <50 μm particles, averaging at approximately 0.38 eV, al-
beit with significantly larger error bars. Interestingly, a par-
allel increase of conductivity and activation energy until ap-
proximately 0.4GPa can be noticed. The activation energies
for the sheet composed of > 100 μm (right side) are slightly
lower, with 0.34 eV on average. It appears that for samples in-
corporating higher amounts of binder, the interpretation of the
apparent activation volume and the activation energy is not
straightforward.
Nonetheless, the evolution of conductivity and activation en-

ergy of the pristine and low binder-containing samples (exclud-
ing the high binder-containing sheets) hints at a strong corre-
lation. Indeed, it is frequently observed that higher (ionic) con-
ductivities are associated with lower activation energies, and vice
versa. This was shown in previous studies, for example, where an-
ion or cation substitution led to higher conductivities and lower
activation energies for ion diffusion due to disorder in the anion
lattice[62–64] or lattice softening through incorporation of larger,
more polarizable anions.[65,66] In this context the Meyer–Neldel
rule is relevant, which suggests that decreasing activation en-
ergies are often accompanied by lower pre-exponential factors,
thereby compensating each other’s influence on the ionic con-
ductivity. This empirical observation is thus known as the “com-
pensation rule” and is usually observedwithin amaterial class.[67]

By plotting the activation energies against the pre-exponential
factors, we observe a positive correlation, which is in agreement
with the Meyer–Neldel rule (Figure S15, Supporting Informa-
tion). Our study suggests that this correlation between EA and 𝜎0
can also be seen by varying the pressure, in addition to the more

commonly invoked elemental substitution as shown in previous
studies.[62,68]

3. Conclusion

In this study, the macroscopic (i.e., microstructure) and micro-
scopic (i.e., atomistic) effects of uniaxially applied stack pres-
sure on the transport properties of free-standing t-Li7SiPS8 sheets
composed of different SE:B ratios (98:2, 95:5, and 90:10 wt%) and
particle size fractions (> 100 μm, 50 − 100 μm and <50 μm parti-
cles) were investigated.
Our findings revealed a significant influence of the binder con-

tent and particle size fraction on themorphology, pressure behav-
ior, and ionic conductivity of the sheets. The sheets showed simi-
lar compressionmechanics with distinct compression phases ac-
cording to the empirical Heckel equation. The measured relative
densities differ greatly, depending more on the binder content
than on the particle size fraction. Furthermore, low binder con-
taining sheets generally exhibited higher relative densities com-
pared to high binder containing sheets, which is similarly re-
flected in the ionic conductivity. To achieve high ionic conductivi-
ties, the binder content should be kept as low as possible. The us-
age of larger particles is also beneficial for maximizing the ionic
conductivity due to the lower number of inter-particle contacts,
effectively reducing grain boundary resistances.
For all sheet samples, the peak ionic conductivities were gen-

erally observed between 0.2–0.5 GPa, with 98:2 wt% sheets show-
ing an up to tenfold increase, reaching around 1.5 − 2 mS cm−1.
Beyond these pressure values, a decrease in ionic conductivity
was observed across all sheet samples, which was attributed to
the increasing atomistic effects of molar volume compression at
high pressures.
Furthermore, we noticed a trend of increasing (apparent) ac-

tivation volumes with increasing binder content. According to
3D synchrotron CT, high binder sheets experienced significant
particle fragmentation, reducing the mean particle size and thus
increasing grain boundary resistances. In contrast, low binder
sheets either maintain their mean particle size (for >100 μm par-
ticles) or show a growth of particle size (for <50 μm particles)
likely due to agglomeration or binder bridging effects.
In conclusion, we improved the slurry-processed t-Li7SiPS8

sheet in terms of composition and identified the optimal pres-
sure range to maximize their ionic conductivity. Furthermore,
our study revealed that parameters, such as the activation vol-
ume (and by extension the activation energy), may only be well
interpreted in “pristine” cases, whereas in sheet systems, their
interpretation is obscure and their values are likely to be of ap-
parent nature. Thus, our study highlights the need to carefully
interpret the performance metrics of the increasingly popular SE
sheet systems.
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