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Lithium (Li) is an ideal anode material for rechargeable batteries and thus manufacturing Li metal is crucial for the practical
development of Li metal batteries. Electrodeposition is an efficient technique for producing ultrathin and scalable Li metal
electrodes. However, the dendritic growth and the side reactions of Li with electrolyte during the electrodeposition are the main
obstacles to overcome. In this study, we designed a pre-coated protective dual layer (PDL) composed of a poly(ethylene oxide)-
based solid polymer electrolyte (SPE) and a polydopamine-coated cellulose membrane (PD-CM). The adhesive and ion-conductive
SPE layer suppressed the growth of Li dendrites and side reactions with liquid electrolyte. The PD-CM layer with high porosity and
lithiophilicity promoted a facile and uniform Li-ion flux. By applying the pre-coated PDL, Li was uniformly electrodeposited on
the Ag-coated Cu at a high current density of 6 mA cm−2. The Li/LiFePO4 cell composed of an electrodeposited Li anode with
PDL and a LiFePO4 cathode was assembled without an additional separator, and its cycling performance was evaluated. The cell
initially delivered a high discharge capacity of 154.8 mAh g−1 at 45 °C and exhibited excellent cycling stability with a capacity
retention of 97.0% after 200 cycles.
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With the expansion of battery applications such as electric
vehicles and energy storage systems, the demand for high energy
density lithium (Li) batteries has increased. One of the most
promising strategies for achieving high energy density is to use Li
metal as an anode material owing to its high specific capacity and
low electrode potential.1–3 To maximize the energy density of Li
metal batteries, it is essential to use thin Li metal.4–7 However,
producing ultrathin Li metal foil is challenging because of its
intrinsic properties such as ductility and chemical instability.8,9

Various industrial processes such as extrusion, physical vapor
deposition, Li powder casting, and electrodeposition have been
employed to manufacture Li metal electrode.10–12 Electrodeposition
is an efficient technique for fabricating ultrathin and scalable Li
metal electrodes. In the electrodeposition process, the thickness of
the Li metal can be easily controlled by adjusting the current density
and electrodeposition time.13 In addition, the electrodeposition
process can be conducted under mild temperature and atmospheric
pressure conditions and offers the advantage of scalability because it
can be easily applied to the roll-to-roll process. However, the
fabrication of Li metal via electrodeposition presents several
technical hurdles to its application in industrial processes. First,
electrodeposition is usually conducted without external pressure,
which results in nonuniform dendritic Li deposition.14–16 Moreover,
electrodeposited Li is prone to side reactions with liquid
electrolytes,17 and a high current density is required to reduce the
electrodeposition time.18 Many studies have addressed these pro-
blems in the electrodeposition process, such as by designing new
separator structures,19 optimizing electrolyte formulation,20,21 re-
forming appropriate substrate,22–25 and introducing protective
layers.26 The protective layer formed on the current collector can
suppress the dendritic growth of Li and the side reactions of Li with
the liquid electrolyte.27,28 However, most reported studies used a
pressurized coin cell for electrodeposition, which cannot be applied
to actual industrial processes.

In this study, we propose a pre-coated protective dual layer
(PDL) for the uniform electrodeposition of Li metal onto an Ag-
coated Cu substrate under high current density and atmospheric
pressure. The dual layer was prepared by pressing the bottom and
top layers. The bottom layer was a semi-interpenetrating polymer

network (semi-IPN)-type solid polymer electrolyte (SPE) based on
poly(ethylene oxide) (PEO), cross-linked poly(ethylene glycol)
diacrylate (PEGDA), and lithium bis(trifluoromethanesulfonyl)
imide (LiTFSI). According to previous report, the semi-IPN polymer
electrolyte composed of PEO, PEGDA and LiTFSI exhibited high
ionic conductivity, good stability toward Li metal, and high
electrochemical stability.29 The bottom layer physically suppressed
dendritic Li growth and the deleterious reactions of Li with the
liquid electrolyte during electrodeposition, and its highly adhesive
properties helped integrate the current collector and the top layer.30

The top layer, a lithiophilic polydopamine-coated cellulose mem-
brane (PD-CM), induced fast and uniform Li+-ion flux through the
membrane and suppressed short-circuit between the two
electrodes.31,32 Various electrochemical characteristics were inves-
tigated to understand the electrodeposition behavior of Li using the
PDL. Furthermore, the electrodeposited Li anode with PDL and
LiFePO4 (LFP) cathode was applied to the lithium metal battery
without an additional separator, and its cycling performance was
evaluated. The cell delivered a high initial discharge capacity of
154.8 mAh g−1 with a capacity retention of 97.0% after 200 cycles
at 0.5 C and 45 °C.

Experimental Method

Materials.—PEO (MW = 600,000), PEGDA (MW = 575),
dopamine hydroxyl, and anhydrous dimethylformamide (DMF)
were purchased from Sigma-Aldrich. PEO and LiTFSI (Dongwha
Electrolyte) were dried at 90 °C for 6 h before use.
Azobisisobutyronitrile (AIBN) was purchased from Junsei Co.
and used as a thermal initiator. A polyethylene (PE) separator
(Asahi ND 420) and cellulose membrane (thickness: 35 μm,
NKK) were vacuum dried for 12 h at 80 °C before use. The liquid
electrolyte (battery grade, Enchem) was composed of dimethox-
yethane, LiFSI, lithium nitrate, and fluoroethylene carbonate in a
mass ratio of 71.2:27.6:0.6:0.6.

Preparation of protective dual-layer.—The Ag-coated copper
was used as a current collector to facilitate Li electrodeposition.33

The PDL was fabricated by integrating semi-IPN-type solid polymer
electrolyte as the bottom layer and PD-CM as the top layer. The
bottom layer was prepared using the solution-casting method. PEO
and LiTFSI were dissolved and stirred in an anhydrous DMF atzE-mail: dongwonkim@hanyang.ac.kr

Journal of The Electrochemical Society, 2024 171 100521
1945-7111/2024/171(10)/100521/8/$40.00 © 2024 The Electrochemical Society (“ECS”). Published on behalf of ECS by IOP Publishing Limited.

All rights, including for text and data mining, AI training, and similar technologies, are reserved.

https://orcid.org/0000-0002-1735-0272
https://doi.org/10.1149/1945-7111/ad8482
https://doi.org/10.1149/1945-7111/ad8482
mailto:dongwonkim@hanyang.ac.kr
https://crossmark.crossref.org/dialog/?doi=10.1149/1945-7111/ad8482&domain=pdf&date_stamp=2024-10-17


80 °C for 6 h. Once the solution became homogeneous, PEGDA (25
wt% of PEO) and a trace amount of AIBN were added into the
precursor. The amount of LiTFSI was determined to maintain a
[repeating EO units]: [LiTFSI] = 10:1. The precursor solution was
casted on the Ag-coated Cu substrate and kept at 90 °C for 12 h in a
vacuum oven to drive thermal cross-linking of PEGDA and remove
the residual solvent. The obtained SPE was 8 μm thick and well
adhered to the current collector. The top layer (PD-CM) was
prepared by dip-coating the cellulose membrane in a tris-buffer
solution (pH 8.5) containing dopamine hydroxyl (2 g l−1) at 45 °C
for 12 h. As polydopamine was formed, the cellulose membrane
gradually turned dark gray. The PD-CM was then washed with
ethanol and dried at 70 °C for 12 h. The prepared bottom and top
layers were finally adhered together by roll pressing to obtain the
PDL. After roll pressing, the thickness of PDL was about 42 μm.

Cell assembly.—Li electrodeposition was performed using a
homemade electrodeposition cell (ED cell). The ED cell was
composed of Li foil as the Li source, a liquid electrolyte, and an
Ag-coated Cu current collector in a Teflon cylinder (Fig. S1). The
electrodeposition was performed on the Ag-coated Cu without and
with PDL at constant current density of 6 mA cm−2 and 45 °C. The
amount of total charge during electrodeposition was set to be 4 mAh
cm−2, corresponding to the thickness of 20 μm. Electrodeposited Li
metal with PDL was used to assemble an Li/LFP cell without an
additional separator. The cell was assembled by stacking the
electrodeposited Li metal with the PDL and LFP cathode (92.0 wt
% LFP, active mass: 13 mg cm−2) on Al foil in the coin cell and
injecting 10 μl of liquid electrolyte into the cell. For comparison, an
Li/PE separator/LFP cell was also assembled by sandwiching the PE
separator between the electrodeposited Li metal without the PDL
and the LFP cathode, and injecting the same amount of liquid
electrolyte.

Characterization and measurements.—The conversion of
PEGDA after thermal cross-linking was calculated by 1H nuclear
magnetic resonance (NMR) spectroscopy using an NMR spectro-
meter (VNMRS 600 MHz, Varian). Fourier-transform infrared (FT-
IR) spectroscopy was conducted using a Nicolet iS50 spectrometer
(Thermo Fisher Scientific Inc.) in the wavenumber range of
400–4000 cm−1 to confirm the coating of polydopamine on cellulose
membrane. Field-emission scanning electron microscopy (FE-SEM;
Verios G4UC, FEI) was used to examine the morphologies of the
protective layer and deposited Li metal. Electrochemical impedance
spectroscopy (EIS) was performed in the frequency range of 0.01 Hz
to 1 MHz at an amplitude of 10 mV using an AC impedance

analyzer (ZIVE MP1, WonATech Co., Ltd). A cell assembled
with Ag-coated Cu as the working electrode and Li metal as the
counter and reference electrodes was used for linear sweep voltam-
metry (LSV) and cyclic voltammetry (CV) at a scan rate of
1 mV s−1. The Li/LFP cell was cycled in the voltage range of
3.0–3.8 V at 45 °C with a battery cycler (WBCS 3000, WonATech
Co., Ltd).

Results and Discussion

Figure 1 shows a schematic of the preparation of a PDL
composed of bottom and top layers. The bottom layer was a thin
solid polymer electrolyte film based on a semi-IPN composed of
PEO and cross-linked PEGDA. The semi-IPN structure provided
high mechanical strength to suppress the dendritic growth of Li and
prevented the elution of linear PEO into the liquid electrolyte.34,35

LiTFSI was added to the bottom layer to make it ion-conductive and
sticky by reducing the crystallinity of the PEO. The PD-CM was
chosen as the top layer to achieve a uniform Li+-ion flux to the
bottom layer and to suppress the short-circuit between the two
electrodes. The polydopamine coated on the cellulose membrane can
interact with Li+ ions via its polar carbonyl groups, which promote
homogeneous flux through the PD-CM layer.31 The two layers were
integrated by roll pressing and could not be separated because of the
highly adhesive property of the bottom layer.

The surface and cross-sectional SEM images of the bottom layer
are presented in Figs. 2a and 2b, respectively. The bottom layer was
densely coated with Ag-coated Cu without any void spaces or pits.
The conversion of PEGDA in the bottom layer was determined using
1H-NMR spectroscopy (Fig. 2c), as previously reported.36,37 P-
xylene was added to the precursor as an internal standard, and its
peak appeared at 7.05 ppm in the 1H NMR spectrum. Several peaks
observed in the range of 5.8–6.5 ppm (peak a, b, c) corresponded to
vinyl group of PEGDA in the precursor solution. The PEGDA
conversion after thermal curing was calculated using the following
equation:
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intensities of protons a, b, and c in the semi-IPN obtained after
thermal curing, respectively. As shown in figure 2c, the vinyl peaks
of PEGDA almost disappeared after the cross-linking reaction. By

Figure 1. Schematic presentation for preparing the protective dual layer composed of bottom layer and top layer.
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substituting the obtained intensities into the above equation, the
conversion of PEGDA was determined to be 99.7%, indicating that
all the PEGDA was consumed by the free-radical reaction.
Figures 2d and 2e show the SEM images of the cellulose membrane
before and after polydopamine coating, respectively. Because
polydopamine is strongly bonded to the cellulose membrane through
hydrogen bonding, as depicted in Fig. S2, all fibers in the cellulose
membrane were well-coated with grain-shaped polydopamine. FT-
IR spectra were obtained to confirm the polydopamine coating on the
cellulose membrane (Fig. 2f). The new absorption peaks observed at
1517 and 1605 cm−1 in the PD-CM correspond to the stretching
vibration peaks of –NH– and –C=C–, respectively, indicating the
successful coating of polydopamine on the cellulose membrane.38

Figure 3a shows a cross-sectional SEM image of the PDL
obtained after roll pressing. From the image, the thicknesses of
bottom and top layer were determined to be 7 μm and 35 μm,
respectively. That is, the total thickness of PDL was 42 μm. When
the thickness of PDL was less than 42 μm, the mechanical property
of PDL was too weak, resulting in short-circuit during cycling of the

Li/LiFePO4 cell without an additional separator. Figure 3b shows the
ionic conductivities of the PE separator and PDL soaked in the same
amount of liquid electrolyte as a function of temperature. The PDL
exhibited higher ionic conductivities than the PE separator, which
can be attributed to the higher porosity and electrolyte affinity of the
PD-CM compared with the PE separator.39 The porosity of
lithiophilic PD-CM was much higher (69%) than that of hydro-
phobic PE separator (40%), resulting in higher uptake of electrolyte
solution in PDL (185%) compared to PE separator (63%). The high
ionic conductivity of PDL is expected to promote fast Li-ion
transport and induce the uniform electrodeposition of Li, even at
high current densities. The electrolyte affinity of PDL was investi-
gated using contact-angle measurements. As shown in Fig. S3, the
PDL exhibited a lower contact angle than the PE separator,
indicating better wettability of the PDL. These results can be
attributed to the high porosity of the cellulose membrane and the
presence of polar groups in polydopamine.40 The reductive stabi-
lities of the PE separator and PDL soaked in the liquid electrolyte
were evaluated using linear sweep voltammetry (Fig. 3c). They

Figure 2. (a) Surface and (b) cross-sectional SEM images of the solid polymer electrolyte (bottom layer). (c) 1H NMR spectra of precursor and solid polymer
electrolyte obtained by thermal curing. Surface SEM images of (d) pristine cellulose membrane and (e) polydopamine-coated cellulose membrane (top layer). (f)
FT-IR spectra of pristine and polydopamine-coated cellulose membranes.
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exhibited the same cathodic peaks approximately 1.5 and 0.6 V,
corresponding the formation of solid electrolyte interphase (SEI)
arising from the reductive decomposition of liquid electrolyte.41,42

These results suggest that PDL has sufficient reductive stability for
the electrodeposition of Li+. The electrodeposition of Li was
conducted onto the Ag-coated Cu at a current density of
6 mA cm−2 with a total capacity of 4 mAh cm−2. Figure 3d shows
the voltage profiles obtained during the electrodeposition of Li onto
Ag-coated Cu with and without the PDL. The cells exhibited a
relatively high overpotential (∼0.5 V) owing to the high current
density (6 mA cm−2) and high resistance arising from the large
distance (∼1 cm) between the Ag-coated Cu and Li metal in the ED
cell. When electrodeposition was performed on Ag-coated Cu
without a PDL, the cell exhibited a fluctuating voltage behavior
during the latter stage of electrodeposition because the inhomoge-
neous Li deposition hindered the Li+-ion flux.43,44 In contrast, Ag-
coated Cu with a PDL displayed stable electrodeposition with a
lower overpotential at the end of electrodeposition. When bare Cu
was used as a substrate with a PDL for electrodeposition of Li
instead of Ag-coated Cu, the overpotential was high compared to the
Ag-coated Cu (Fig. S4a). Moreover, the electrodeposited Li on bare
Cu exhibited moss-like and nonuniform morphology, as presented in
Fig. S4b. These results suggest that the use of Ag-coated Cu allowed
the uniform electrodeposition of Li by forming an alloy structure of
Li and Ag, as previously reported.45,46

Photographs and SEM images of electrodeposited Li are shown
in Fig. 4. When employing Ag-coated Cu without a PDL, the Li
metal electrodeposited on the current collector (Bare-Li) exhibited a
bumpy and rough surface (Fig. 4a). As shown in the surface SEM
image in Fig. 4b, the surface of Bare-Li was mossy and porous,
indicating uneven Li deposition at a high current density. The
average thickness of Bare-Li was approximately 300 μm (Fig. 4c),

which was much larger than 20 μm corresponding to the electro-
deposition of 4 mAh cm−2. The highly porous Li metal increases the
contact area between the liquid electrolyte and the Li metal, may
result in the acceleration of parasitic reactions. Figures 4d and S5a
show photo and surface SEM images of the electrodeposited Li
metal when using Ag-coated Cu with PDL. As shown in Fig. S5a, no
Li was exposed outside the PDL, indicating that Li was electro-
deposited under the PDL. The total thickness of electrodeposited Li
electrode including current collector and PDL was about 75 μm (Fig.
S5b). To examine the surface morphology of the electrodeposited Li
in the PDL, the obtained electrode was immersed in DMF to remove
the PDL. As shown in Fig. 4e, after removing PDL, the electro-
deposited Li exhibited a dense and non-dendritic surface mor-
phology. The cross-sectional SEM image revealed that the electro-
deposited Li was 21 μm thick (Fig. 4f). The cross-sectional image of
the electrodeposited Li with the PDL was further investigated by
EDS elemental mapping (Fig. S6). In these figures, the deposited Li
layer is indicated by a white dotted box. It is noticeable that the Ag
element was also detected in the electrodeposited Li metal,
indicating the formation of solid solution of Li and Ag during
electrodeposition process. The mapping image of elemental C
clearly confirmed that Li was electrodeposited under the PDL.

We investigated the deposition and stripping behavior of Li on
Ag-coated Cu in a pressured coin cell instead of an ED cell under
non-pressured conditions. In the absence of a PDL, a PE separator
was inserted between the Li metal and the Ag-coated Cu to prevent
short circuiting. Figures 5a and 5b depict the cyclic voltammograms
of the Li/electrolyte/Ag-coated Cu cells assembled with PE and PDL
at a scan rate of 1 mV s−1, respectively. In the magnified cyclic
voltammogram (Fig. S7), the cells exhibited the peaks of alloying
and de-alloying of Li–Ag,47,48 The formation of SEI by reduction of
liquid electrolyte was also observed.49 When comparing the

Figure 3. (a) Cross-sectional SEM image of the PDL and (b) ionic conductivities of PE separator and PDL soaked by liquid electrolyte. (c) Linear sweep
voltammograms of the PE separator and PDL soaked by liquid electrolyte at a scan rate of 1.0 mV s−1. (d) Voltage-capacity curves during electrodeposition onto
Ag-coated Cu with and without PDL at 6 mA cm−2.
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electrodeposited capacity and the Coulombic efficiency (CE) of the
two cells in the first cycle, the cell employing the PDL demonstrated
a higher deposited capacity and CE than the cell with the PE
separator, as shown in Fig. 5c. These results suggest that the
deposition and stripping of Li are more favorable and stable on
Ag-coated Cu with PDL than on the PE separator in the pressured
coin cell. The exchange current density for charge transfer reaction
(Li+ + e ↔ Li) was determined from the Tafel plot. The Tafel plot
describes how the current through an electrode depends on the
potential difference between the electrode and the electrolyte for an
electrochemical reaction. According to previous works,50,51 the
higher exchange current density was observed for deposition and
stripping of Li with lower charge transfer resistance, because it was
under kinetic control. As shown in Fig. 5d, the electrodeposited Li
with PDL exhibited a higher exchange current density than Bare-Li,
indicating a facile charge transfer reaction. Figures 5e and 5f present
the electrochemical impedance spectra of the symmetric Li/Li cells
employing electrodeposited Li without and with the PDL, respec-
tively, as a function of the storage time. The spectra are in the form
of distorted semicircle composed of two semicircles. According to
the previous studies, the semicircle at high frequency region is
related with the resistance for Li+ ion migration in the surface film
formed on the Li electrode (Rf), and the semicircle in the mid-to-low
frequency range can be attributed to the charge transfer resistance
(Rct).

52,53 Thus, the interfacial resistance in the Li/Li cell is the sum
Rf of and Rct. As shown in figures, the electrodeposited Li without a

PDL (Bare-Li) showed a large increase in the interfacial resistance,
while the electrodeposited Li with PDL exhibited a stable interfacial
resistance after an initial slight increase. Because the Li metal is
highly susceptible to side reactions including corrosion with liquid
electrolyte (salts and solvents),54 the increase in the interfacial
resistance can be ascribed to the continuous occurrence of side
reactions at the Li metal-liquid electrolyte interface. Accordingly,
these result suggest that the presence of a PEO-based solid polymer
electrolyte (bottom layer) formed on the Ag-coated Cu effectively
suppresses the side reactions of Li with the liquid electrolyte. From
these results, it was confirmed that the electrodeposited Li with PDL
had fast charge transfer reaction kinetics and enhanced interfacial
stability compared with Bare-Li. The repeated galvanostatic strip-
ping/deposition of Li in the symmetric Li/Li cells was performed at a
constant current density of 0.4 mA cm−2 with a cut-off capacity of
0.8 mAh cm−2 at 45 °C to explore the applicability of PDL as a
separator in the Li metal battery. As depicted in Fig. S8a, the voltage
profiles of the cell employing electrodeposited Li with the PDL were
quite stable, and its overpotential was much lower than that of the
Bare-Li/PE separator/Bare-Li cell. The cell employing the PDL
cycled stably over 2000 h without a noticeable increase in the
overpotential and short- circuit, which demonstrates that the PDL
can be used as a separator. When the current density was increased
to 1.0 mA cm−2 with a cut-off capacity of 2.0 mAh cm−2 at 45 °C
(Fig. S8b), the electrodeposited Li without PDL showed a rapid
increase in overpotential and eventually short-circuit after 100 h due

Figure 4. Photograph, surface and cross-sectional SEM images of Li metal electrodes obtained by electrodeposition onto the Ag-coated Cu without PDL (a–c)
and with PDL (d–f).
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to the dendritic growth of Li. In contrast, the electrodeposited Li
with PDL exhibited stable cycling behavior without a noticeable
increase in overpotential over 350 h.

We assembled an Li/LFP cell composed of an electrodeposited Li
anode with PDL and an LFP cathode without an additional separator
(Fig. S9a). Figure S10 presents the SEM image of LFP cathode, and
corresponding EDS mapping images of P, C, and F elements. It
reveals that cathode active material (P), conducting carbon (C), and
poly(vinylidene fluoride) binder (F) are uniformly distributed within
the cathode. As shown in cycling results (Fig. 6a), the cell
employing PDL delivered a high initial discharge capacity of
154.8 mAh g−1 at 45 °C and exhibited excellent capacity retention
at 0.2 C charge and 0.5 C discharge cycling. In contrast, the Bare-Li/
LFP cell employing a PE separator (Fig. S9b) showed large capacity
fading and unstable cycling behavior, as can be seen in Fig. 6b. This
result can be attributed to the side reactions of highly porous Bare Li
with a high surface area (Fig. 4c) and gradual loss of Li due to its
dendritic growth during cycling. We compared the cycling perfor-
mance of the electrodeposited Li/LFP cell with that of Li metal

(20 μm, Honjo Metal)/LFP cell. As presented in Fig. S11, although
the initial capacities of the two cells were almost the same, the cell
employing electrodeposited Li and PDL showed better character-
istics in terms of cycling stability. Figure 6c presents the discharge
curves of the electrodeposited Li with PDL/LFP cell at different C
rates and 45 °C, and the rate capability of two cells are compared in
Fig. 6d. As expected, the cell employing electrodeposited Li with
PDL displayed better high-rate performance than the cell using Bare-
Li and PE separator, which can be ascribed to the lower cell
resistance, including bulk resistance and interfacial resistance, as
previously discussed.

Based on our results, the electrodeposition of Li on Ag-coated Cu
and its cycling behavior are schematically presented in Fig. 7. By
pre-coating the PDL onto the current collector, we could fabricate
the uniformly electrodeposited Li metal under atmospheric pressure
condition at a high current density of 6 mA cm−2. The Li/LFP cell
employing the electrodeposited Li metal with the PDL exhibited
excellent cycling stability and better high-rate performance than the
cell assembled with Bare-Li and PE separator.

Figure 5. Cyclic voltammograms of the Li/electrolyte/Ag-coated Cu cells with (a) PE and (b) PDL at a scan rate of 1 mV s−1, and (c) corresponding capacity
and coulombic efficiency. (d) Tafel plots of the symmetric electrodeposited Li/electrolyte/ electrodeposited Li cells. Nyquist plots of the symmetric
electrodeposited Li/electrolyte/ electrodeposited Li cells (e) without and (f) with PDL as a function of time.
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Conclusions

In this study, we fabricated an ionically conductive and lithio-
philic PDL on the Ag-coated Cu current collector for the electro-
deposition of Li. The PDL consisted of a PEO-based semi-IPN-type
solid polymer electrolyte as the bottom layer and a lithiophilic
polydopamine-coated cellulose membrane as the top layer. The
bottom layer minimized the parasitic reactions of the deposited Li
with the liquid electrolyte and suppressed dendritic growth of Li
during electrodeposition. The top layer improved the ionic con-
ductivity and promoted uniform Li-ion flux at a high current density.

As a result, Li was uniformly electrodeposited on the Ag-coated Cu
under PDL. The Li/LFP cell employing the electrodeposited Li
metal with PDL exhibited a high initial discharge capacity of 154.8
mAh cm−2 at 45 °C and an excellent cycling stability with a capacity
retention of 97.0% after 200 cycles at 0.2 C charge/0.5 C discharge
cycling.
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