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ABSTRACT: Zinc (Zn) powder-based anodes have garnered considerable
attention as viable alternatives to their conventional Zn foil-based counter-
parts. However, challenges arising from undesirable interfacial side reactions
and dendritic Zn growth hinder their practical implementation. Here, we
present a class of liquid metal-skinned Zn (LSZ) powder anodes enabled by
capillary suspension. The capillary suspension strategy can overcome the
miscibility of liquid metal with other components, resulting in the self-
standing and uniform LSZ powder anode. The nanothick eutectic gallium−
indium (EGaIn) skin layer on Zn powders facilitated the horizontal growth of
Zn along the (002) plane and mitigated Zn corrosion and hydrogen evolution
reaction. Consequently, a full cell (V2O5 cathode ∥ LSZ powder anode)
exhibited a stable capacity retention per cycle of 99.99% over 2000 cycles at a
fast current rate of 1 A g−1, outperforming those of previously reported
aqueous Zn full cells.

Despite their widespread application as a universal
commodity power source in portable electronics,
electric transportation, and grid-scale stationary

energy storage,1,2 Li-ion batteries (LIBs) encounter challenges
related to safety failures, high costs, and limited resources of
core elements.3,4 As a potential solution, Zn-ion batteries
(ZIBs) have garnered considerable attention owing to their
high volumetric capacity (5855 mAh cm−3), cost competitive-
ness, and the natural abundance of Zn. Moreover, their
compatibility with aqueous electrolytes offers fast redox
kinetics and safety tolerance.5−7

Recently, Zn powder-based anodes have emerged as a
promising alternative to conventional Zn foil-based counter-
parts, offering advantages such as low cost, tunable structures,
and manufacturing scalability.8 However, the higher surface
area of Zn powders compared to Zn foils exacerbates
unwanted side reactions, including byproduct formation at
Zn−electrolyte interfaces, Zn corrosion, and hydrogen
evolution reaction (HER).9 Previous studies to overcome
these challenges focused on incorporating conductive materials
(e.g., MXene and graphene9,10) and polymeric binders (e.g.,
polyacrylamide, polyethylene glycol, and oligomers11−13).
However, the electrical contacts between Zn powders and
conductive materials are unstable during repeated Zn
deposition/stripping cycles, and excessive polymeric binders
reduce the electronic conductivity of the resulting anodes. In
addition, the structural inhomogeneity of the anodes

accelerates side reactions, resulting in rapid cycle decay.14

Therefore, a new strategy for advanced Zn powder anodes,
with an emphasis on the material chemistry and microstructure
design, is required.

Here, we present a class of liquid metal-skinned Zn (LSZ)
powder anodes using capillary suspension technology. Liquid
metals, known for their structural deformability, high electronic
conductivity, diverse processability, and self-healing properties,
have a wide range of applications, including sensors, electronic
circuits, and energy storage systems.15−18 However, their
intrinsically high surface tension hinders their uniform
dispersion with other components.19 In this study, we
exploited the concept of a capillary suspension as a structural
strategy to resolve this problem. Capillary suspension
technology, driven by its ability to modulate rheological
properties, has previously been reported in various fields,
including 3D printing inks, porous films, and crack-free
films.20−23 However, most of these approaches have predom-
inantly explored the application of capillary forces in single-
component particle suspensions. In contrast, we demonstrated
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the capillary suspension containing Zn and liquid metal
(eutectic gallium−indium (EGaIn)) powders. Notably, to
address the inherent challenges associated with the high
surface tension of the liquid metals described above, we
rationally designed the capillary suspension by formulating a
solvent mixture consisting of a main solvent and a secondary
immiscible liquid. Interconnected networks of Zn powders
were uniformly formed in the capillary suspension while linked
to the EGaIn powders via capillary bridges of the secondary
liquid. After solvent drying and subsequent pressing, a self-
standing LSZ powder anode was obtained, in which Zn
powders were conformally coated with nanothick EGaIn skin
layers. The EGaIn skin layers acted as an electrically
conductive glue, enabling the formation of polymeric bind-
er-/carbon conductive additive-free LSZ powder anodes. The
EGaIn skin layers allowed the horizontal growth of Zn along
the (002) plane during Zn deposition-stripping cycles,
preventing dendrite formation. Moreover, the EGaIn-mediated
conformal coverage limited direct contact between the Zn
powders and aqueous electrolytes, suppressing interfacial side
reactions, such as Zn corrosion and HER, compared with a Zn
foil anode with a lower surface area. Owing to these

advantages, the LSZ powder anode exhibited reliable
cyclability for 2000 h in a symmetric cell. Additionally, a full
cell (V2O5 cathode ∥ LSZ powder anode) provided a stable
capacity retention of 79.1% after 2000 cycles at a high current
density of 1 A g−1. Particularly, even at a faster current density
of 10 A g−1, the cell achieved a high capacity retention per
cycle of 99.998% over 1000 cycles, outperforming those of
previously reported aqueous Zn full cells. These results
highlight the electrochemical viability of the liquid-metal-
based capillary suspension approach in enabling the fabrication
of practical Zn powder anodes with cycle sustainability and
enhanced redox kinetics.

Owing to its high surface tension,24 the EGaIn exhibited
limited affinity with other metals (Figure 1a and Figure S1).
To address this issue, we exploited a capillary suspension
consisting of Zn powders linked to EGaIn powders via a
capillary bridge formed by a secondary liquid (Figure 1b) to
obtain EGaIn-skinned Zn (LSZ) powders.

To achieve structural stability in the capillary suspension, a
solvent mixture composed of a main solvent and a secondary
liquid was rationally designed based on the following criteria:
1) immiscibility of the two solvents, 2) distinct compatibility

Figure 1. Design of the Zn-EGaIn capillary suspension. (a) Contact angle of the EGaIn on Zn foil. (b) Schematic illustration depicting the
fabrication of the Zn-EGaIn capillary suspension and the resulting EGaIn-skinned Zn (LSZ) powders. (c) Photographs showing the solvent
miscibility between NMP and dodecane (left), the dispersion state of Zn and EGaIn powders in NMP (middle), and dodecane (right) at
room temperature. (d) Fourier transform infrared (FTIR) spectra of the NMP solvent, Zn powders in NMP, and EGaIn powders in NMP.
(e) A confocal image of the capillary suspension measured with a 561 nm laser, in which a fluorescent dye (nile red) was added into NMP.
(f) Viscosity of the capillary suspension and single-solvent-based model suspensions as a function of the shear rate. (g) Storage modulus
(G′) and loss modulus (G″) of the capillary suspension and single-solvent-based model suspensions as a function of shear stress.
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with Zn and EGaIn powders, and 3) chemical stability with the
metal powders. Accordingly, dodecane and N-methyl-2-
pyrrolidone (NMP) were selected as the main solvent and
secondary liquid, respectively (Figure S2 and Table S1). These
two solvents were immiscible owing to their disparate polar
indices (0.1 for dodecane vs 6.7 for NMP; Figure 1c, left). The
morphologies of Zn and EGaIn powders are shown in Figure
S3. Notably, NMP facilitated the dispersion of Zn and EGaIn
powders (Figure 1c, middle), whereas sedimentation occurred
in dodecane due to poor compatibility with metal powders
(Figure 1c, right). This finding was corroborated by Fourier-
transform infrared (FTIR) spectroscopy analysis of the model
suspensions (Zn or EGaIn powders dispersed in a single
solvent of dodecane or NMP). A downshift in the character-
istic carbonyl peak (C=O) assigned to NMP at 1675 cm−1 was
observed in the FTIR spectrum of the NMP-based model
suspension (Figure 1d and Figure S4), indicating dipole−
dipole interaction25,26 between the carbonyl group of NMP

and hydroxyl group (−OH) of the metal powders. In contrast,
no shift was observed in the FTIR peaks of the dodecane-based
model suspension (Figure S5).

Based on this understanding, a Zn-EGaIn capillary
suspension was prepared using a solvent mixture of
dodecane/NMP = 90/10 (v/v). The microstructure of the
resulting Zn-EGaIn capillary suspension was observed through
confocal microscopy analysis (Figure 1e), where NMP was
stained with a fluorescent dye (nile red) to confirm the
presence of capillary bridges. The interconnected metal
powders (EGaIn and Zn) were observed to be uniformly
linked by the capillary bridges of NMP. Additionally, the
formation of powder networks was further confirmed by
examining the rheological properties of the capillary
suspensions (Figure 1f). The capillary suspension, influenced
by capillary force (Fc),27,28 exhibited a higher viscosity
compared to the model suspensions (containing a single
solvent of dodecane or NMP). In addition, the optimal ratio of

Figure 2. Fabrication of the LSZ powder anodes and their physicochemical characteristics. (a) Surface field emission scanning electron
microscopy (FE-SEM) images of the LSZ powder anodes fabricated using capillary suspension (left; an inset is a photograph of the LSZ
powder anode), dodecane-based (middle), and NMP-based (right) model suspensions. (b) Electronic conductivity of the LSZ powder anode
and control LSZ powder anodes (fabricated using the dodecane or NMP-based model suspensions). (c) Transmission electron microscopy
(TEM) and corresponding energy dispersive spectroscopy (EDS) mapping images (focusing on Zn and Ga elements) of the LSZ powder. (d)
Time-of-flight secondary-ion mass spectrometry (TOF-SIMS) depth profiles of the LSZ powder anode. (e) X-ray diffraction (XRD) patterns
of the EGaIn, Zn powders, and LSZ powder anode. (f) Specific surface area of the Zn foil and LSZ powder anodes.
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dodecane/NMP to form a stable capillary suspension was
determined by rheological evaluations (Figure S6). The
highest viscosity was observed at a dodecane/NMP ratio of
90/10, indicating that this ratio was effective in forming the
capillary suspension. Based on this result, the ratio of
dodecane/NMP = 90/10 (v/v) was determined as the optimal
point for establishing a stable capillary suspension. Meanwhile,
the capillary suspension and model suspensions showed that
the storage modulus (G′) was higher than the loss modulus
(G″) in the low shear stress region, and the opposite trend was

observed in the high shear stress region, indicating a typical
viscoelastic fluid behavior29,30 (Figure 1g). The yield stress
(τy), determined by the intersection of G′ and G″, of the
capillary suspension (823.83 Pa) was much higher than those
of the NMP-based (2.95 Pa) and dodecane-based (0.62 Pa)
model suspensions. These results demonstrated the presence
of well-established interconnected networks in the capillary
suspension, which is mainly attributed to the formation of
capillary bridges between the powders. Furthermore, compared
to the immediate precipitation observed in the model

Figure 3. Zn deposition/stripping behavior of the LSZ powder anodes. (a) Voltage profiles of the Zn deposition on the LSZ powder and Zn
foil anodes at a current density of 0.2 mA cm−2. (b) Chronoamperometry (CA) curves of the LSZ powder and Zn foil anodes at −150 mV.
(c) XRD pattern and (d) peak intensity ratios of (002), (100), and (101) planes in the LSZ powder and Zn foil anodes after Zn deposition at
a current density of 0.2 mA cm−2 and an areal capacity of 2 mAh cm−2. Surface FE-SEM images of (e) Zn foil and (f) LSZ powder anodes
after the Zn deposition/stripping cycle at a current density of 0.2 mA cm−2 and an areal capacity of 2 mAh cm−2.
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suspensions, the capillary suspension maintained a dispersed
state for 7 days (Figures S7 and S8). These results affirm the
formation of interconnected networks of metal powders in the
Zn-EGaIn capillary suspension.

The as-prepared capillary suspension was dried to eliminate
the solvent mixture and then pressed to obtain the self-
standing LSZ powder anodes. Meanwhile, control LSZ powder
anodes were fabricated by using the model suspensions
containing a single solvent. The LSZ powder anode displayed
a uniform dispersion of Zn and EGaIn powders, which was
attributed to the well-interconnected powder networks formed
in the capillary suspension (Figure 2a, left and Figure S9). In
contrast, the control LSZ powder anodes exhibited randomly
and unevenly dispersed Zn and EGaIn powders, indicating the
poor structural stability in the model suspensions and
nonuniform powder migration during solvent evaporation.31,32

This disparity in the dispersion states was verified through
electronic conductivity measurements (Figure 2b). The LSZ
powder anode exhibited a higher electronic conductivity than
the control LSZ powder anodes, signifying the formation of
highly percolated electronic networks. These findings under-
score the effectiveness of capillary suspensions in addressing
the inherent dispersion challenges associated with liquid
metals.

Transmission electron microscopy (TEM) and correspond-
ing energy dispersive spectroscopy (EDS) images of the LSZ
powder anode revealed a uniform nanothick (∼50 nm) EGaIn
layer covering the Zn powders (Figure 2c). This unique
structure was further elucidated through time-of-flight
secondary-ion mass spectrometry (TOF-SIMS) depth profiles
(Figure 2d), which indicated the predominant presence of Ga
and In near the surface, consistent with TEM results. X-ray
diffraction (XRD) patterns confirmed the existence of the
EGaIn skin layer and the preservation of the crystalline

structure of Zn in the LSZ powder anode (Figure 2e). The
mass ratio of elements (Ga and In) in the LSZ powder was
determined to be 6.2 wt % through inductively coupled plasma
optical emission spectrometry (ICP-OES) analysis (Figure
S10).

The specific surface area of the LSZ powder anode was
estimated by using Brunauer−Emmett−Teller (BET) analysis
(Figure 2f). The LSZ powder anode exhibited a significantly
higher surface area compared to Zn foil, indicating that the
thin and conformal coverage of Zn powders by the EGaIn skin
layer did not compromise the porous structure of the LSZ
powder anode. Moreover, the thicknesses of the LSZ powder
anodes ranged from 30 to 169 μm (Figure S11), demonstrat-
ing the tunability of their areal capacities and the feasibility of
designing full cells with various electrochemical metrics.

The Zn nucleation overpotential of the LSZ powder anode
was investigated at a current density of 0.2 mA cm−2 (Figure
3a). The LSZ powder anode exhibited a lower nucleation
overpotential (41 mV) compared to that of the Zn foil anode
(64 mV). This enhancement can be attributed to the higher
surface area of the LSZ powder anode, leading to a reduction
in local current density.33 Additionally, chronoamperometry
(CA) analysis of the anodes was performed to monitor the
change in current density over time (Figure 3b). A continuous
increase in current density indicates promoted Zn dendrite
growth.34,35 In this study, the current density of the Zn foil
anode increased continuously over 100 s, whereas the current
density of the LSZ powder anode reached an equilibrium state
within a shorter time, indicating suppression of Zn dendrite
growth.

The peak intensity ratios of (002), (100), and (101)36

planes in the XRD patterns of the anodes after Zn deposition
were analyzed (Figure 3c and d). The LSZ powder anode
exhibited preferential growth of Zn along the (002) plane

Figure 4. Zn corrosion and hydrogen evolution reaction (HER) of the LSZ powder anodes. (a) XRD patterns of the LSZ powder and Zn foil
anodes after immersion in an aqueous electrolyte (4 m Zn(OTf)2) for 48 h. (b) Tafel plots and (c) linear sweep voltammetry (LSV) curves
of the LSZ powder and Zn foil anodes, in which the LSZ powder and Zn foil were used as the working electrodes, the Zn plate as the counter
electrode, and Ag/AgCl as the reference electrode. In situ optical microscopy (OM) images of (d) Zn foil anode and (e) LSZ powder anode
in transparent cell (LSZ powder (or Zn foil) during the CA tests at −1 V (vs Zn/Zn2+).
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compared with the (100) and (101) planes, suggesting
horizontal Zn growth in the LSZ powder anode. This result
aligns with the findings of a previous study,37 which reported
the conformal Zn deposition on the epitaxial interface (In

GaZn6O9) formed via spontaneous alloying between EGaIn
and Zn. It is noted that the highly oriented Zn (002) plane
shows planar surfaces with restricted dendrite growth and
lower chemical activity, thereby mitigating interfacial side

Figure 5. Electrochemical performance of the LSZ powder anodes. (a) Rate capability of the symmetrical cells (LSZ powder ∥ LSZ powder
and Zn foil ∥ Zn foil) at various current densities from 0.5 to 10 mA cm−2 and an areal capacity of 0.5 mAh cm−2. (b) Voltage profiles of the
symmetric cells at a current density of 1 mA cm−2 and an areal capacity of 0.5 mAh cm−2. Surface FE-SEM images of (c) LSZ powder and (d)
Zn foil anodes after the cycling test (400 h) of the symmetric cells. (e) Change in the thickness of the symmetric cells after the cycling test.
(f) Cycling performance of the full cells (V2O5 cathode ∥ LSZ powder (or Zn foil) anode) and (g) voltage profiles (1st, 10th, 100th, and
300th cycles) of the full cell (V2O5 cathode ∥ LSZ powder anode) at a current density of 1 A g−1. (h) Rate capability of the full cells at
various current densities from 0.1 to 50 A g−1. (i) Comparison of the capacity retention per cycle of the full cell assembled with the LSZ
powder anode (this work) and previously reported aqueous Zn full cells as a function of the current density.
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reactions.38,39 In contrast, higher peak intensities of the (100)
and (101) planes were observed in the Zn foil anode.

These results were further corroborated by comparing the
morphologies of the LSZ powder and Zn foil anodes after the
Zn deposition/stripping cycle (Figure 3e and f). The cycled Zn
foil anode showed random and nonuniform Zn dendrite
growth after Zn deposition and a severely disrupted structure
after subsequent Zn stripping. In contrast, the LSZ powder
anode exhibited homogeneous and dense Zn deposition
without noticeable dendrite growth and returned to its initial
state after Zn stripping, demonstrating superior electro-
chemical reliability during the cycling test.

Zn powder anodes are known to experience severe
interfacial side reactions with aqueous electrolytes owing to
their extensive surface area.9,11 In this study, the corrosion
reactions of LSZ powder and Zn foil anodes were investigated
after immersion in an aqueous electrolyte (4 m zinc
trifluoromethanesulfonate (Zn(OTf)2)) for 48 h (Figure 4a).
The Zn foil anode exhibited distinct peaks at 6.4, 12.9, and
19.5°, corresponding to Zn12(OTf)9(OH)15·nH2O (JCPDS
card no. 41−1421), a common byproduct40 formed when Zn
metals are exposed to aqueous electrolytes. In contrast, the
LSZ powder anode did not show these byproduct peaks,
indicating the viability of the EGaIn skin layer on Zn powders
in preventing corrosion reactions. The corrosion stability of the
LSZ powder anode was further confirmed through Tafel plot
analysis (Figure 4b). The LSZ powder anode exhibited a
higher corrosion potential (−0.858 V vs Ag/AgCl) and a lower
corrosion current (0.013 mA cm−2) compared to the Zn foil
anode.

The HER of LSZ powder and Zn foil anodes was
investigated by using linear sweep voltammetry (LSV; Figure
4c). The onset potential for hydrogen evolution of the LSZ
powder anode (−1.038 V at −20 mA cm−2) was significantly
lower than that of the Zn foil anode (−0.923 V),
demonstrating the effective suppression of HER. The
occurrence of HER at the electrolyte−anode interface was
visualized using in situ optical microscopy (OM) analysis in
transparent cells (LSZ powder (or Zn foil) ∥ Zn foil) during
chronoamperometry (CA) at −1 V (vs Zn/Zn2+) (Figure 4d
and e) The Zn foil anode exhibited rapid hydrogen gas
generation within 12 s, whereas a detectable level of HER was
not observed in the LSZ powder anode (Movies S1 and S2).

Next, we compared the rate capabilities of LSZ powder and
Zn foil anodes using symmetric cells (LSZ powder ∥ LSZ
powder and Zn foil ∥ Zn foil) at various current densities
ranging from 0.5 to 10 mA cm−2 and an areal capacity of 0.5
mAh cm−2 (Figure 5a). The LSZ powder anode showed stable
Zn deposition/stripping behavior along with lower polarization
voltage over the entire range of current densities compared
with the Zn foil anode. This improvement was attributed to the
effective suppression of the Zn dendrite growth and interfacial
side reactions. Electrochemical reversibility of the Zn
deposition/stripping cycle was assessed at a current density
of 1 mA cm−2 and an areal capacity of 0.5 mAh cm−2 (Figure
5b). The LSZ powder anode demonstrated a superior cycling
performance over 2000 h, whereas the Zn foil anode
experienced a short circuit after approximately 400 h. This
advantageous effect of the LSZ powder anode was further
underscored by making a comparison with those of the
previous works at the same current density of 1 mA cm−2

(Table S2). The LSZ powder showed improved cycle stability
compared to previous works, demonstrating the effectiveness

of the LSZ powder anode. Furthermore, the LSZ powder
anode exhibited stable cycle retention over 450 h, even at a
higher current density of 5 mA cm−2 (Figure S12).

The structural changes in the cycled anodes (after 400 h,
Figure 5b) were investigated (Figure 5c and d). The LSZ
powder anode maintained a smooth and uniform surface with
negligible formation of Zn dendrites, whereas the Zn foil anode
displayed a sharp and random growth of Zn dendrites.
Electrochemical impedance spectroscopy (EIS) analysis of
the symmetric cells indicated a smaller increase in the charge-
transfer resistance (Rct) of the LSZ powder anode (26 → 142
Ω) after the cycling test (400 h) compared to the Zn foil
anode cell (58 → 878 Ω) (Figure S13), signifying suppressed
undesired interfacial side reactions with the aqueous electro-
lyte. Measurements of the change in thickness of the
symmetric cells after the cycling test (Figure 5e) revealed a
substantial increase in thickness for the Zn foil anode,
indicating vigorous HER. In contrast, the LSZ powder
symmetric cell exhibited a minimal increase in thickness
(∼3%) even after 2000 h, demonstrating effective suppression
of HER at the LSZ powder anode.

To underscore the advantageous effect of the LSZ powder
anode, a Zn powder anode was prepared as a control sample by
mixing pristine Zn powders, carbon black conductive additive,
and poly(vinylidene fluoride) (PVdF) binder, in which the
composition ratio of Zn powder/carbon black/PVdF binder
was 94/3/3 (w/w/w). The morphology and electronic
conductivity of the fabricated Zn powder anode are shown
in Figures S14 and S15, respectively. The symmetric cell with
the Zn powder anode showed unstable Zn deposition/
stripping cycle behavior and was eventually short-circuited
along with cell explosion after 330 h (Figures S16 and S17).
This failure was attributed to the high surface area of Zn
powders, which accelerated the HER. Additionally, a dendritic
and irregular Zn morphology was observed in the Zn powder
anode after the cycling test (Figure S18). These results
highlight that the improved cyclability of the LSZ powder
anode can be attributed to the conformal coverage of Zn
powders by the EGaIn skin layer.

The LSZ powder anode was paired with a V2O5 cathode
(areal mass loading = 1.3 mg cm−2) to fabricate a Zn full cell.
The full cell with the LSZ powder anode exhibited higher
capacity retention (= 79.1% after 2000 cycles) at a current
density of 1 A g−1 compared to the control full cell with the Zn
foil anode, which lost its electrochemical activity after 337
cycles (Figures 5f,g and S19). Furthermore, the full cell with
the LSZ powder anode exhibited better rate performance at
various current densities from 0.1 to 50 A g−1 (Figure 5h).
Additionally, the full cell with the LSZ powder anode
demonstrated superior cyclability, even at a higher current
density of 10 A g−1 (Figure S20). As another control sample,
we fabricated a full cell composed of a Zn powder anode and
V2O5 cathode. The full cell with the Zn powder anode showed
significantly lower capacity retention (= 27.6% after 300
cycles) compared to the LSZ powder anode at a current
density of 1 A g−1 (Figure S21).

This enhanced cycling performance of the full cell assembled
with the LSZ powder anode was further emphasized by making
a comparison with those of previously reported Zn full
cells12,33,41−48 (Figure 5i and Table S3). The full cell with the
LSZ powder anode exhibited a higher capacity retention per
cycle of 99.990% for 2000 cycles at 1 A g−1 and 99.998% for
1000 cycles even at 10 A g−1, outperforming those of
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previously reported aqueous Zn full cells. These results
demonstrate the potential utilization of the LSZ powder
anode for practical Zn full cells with reliable cycle life even
under fast current rates. In addition, the cycling stability of this
study could be further improved by the use of advanced
electrolytes.49−51

In summary, we presented a polymeric binder-/carbon
conductive additive-free, self-standing LSZ (EGaIn-skinned
Zn) powder anode enabled by a capillary suspension. The
rationally designed solvent mixture (comprising dodecane as
the main solvent and NMP as the secondary immiscible liquid)
in the capillary suspension allowed for the formation of
interconnected networks of Zn powders linked to the EGaIn
powders via capillary bridges. The EGaIn skin layer on the Zn
powders facilitated horizontal Zn growth along the (002)
plane, contributing to dendrite-free Zn deposition. Further-
more, the EGaIn skin layer restricted direct contact of Zn
powders with the aqueous electrolyte, effectively suppressing
Zn corrosion and the HER despite the high surface area of the
LSZ powder anode. Driven by these advantageous effects, the
LSZ powder anode exhibited a stable cyclability for 2000 h in a
symmetric cell. Additionally, the full cell (V2O5 cathode ∥ LSZ
powder anode) exhibited superior capacity retention (= 79.1%
after 2000 cycles) at 1 A g−1 and a capacity retention per cycle
of 99.998% over 1000 cycles at 10 A g−1, surpassing those of
previously reported aqueous Zn full cells. The LSZ powder
anode, developed through the capillary suspension, can be
suggested as a promising alternative to conventional Zn foil
anodes and holds potential as a versatile platform technology
applicable to emerging metal battery systems in the pursuit of
powder-based anodes.
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