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Lithium metal, due to its advantages of high theoretical capacity, low density and low electrochemical reaction
potential, is used as a negative electrode material for batteries and brings great potential for the next generation
of energy storage systems. However, the production of lithium metal dendrites makes the battery life low and
poor safety, so lithium dendrites have been the biggest problem of lithium metal batteries. This study shows that
the larger specific surface area and more pore structure of Cu-based metal-organic-framework - aramid cellulose
(CuMOF-ANFs) composite separator can help to inhibit the formation of lithium dendrites. After 110 cycles at 1
mA/cm?, the discharge capacity retention rate of the Li-Cu battery using the CuMOF-ANFs separator is about 96
%. Li-Li batteries can continue to maintain low hysteresis for 2000 h at the same current density. The results
show that CUMOF-ANFs composite membrane can inhibit the generation of lithium dendrites and improve the
cycle stability and cycle life of the battery. The three-dimensional (3D) porous mesh structure of CuMOF-ANFs

separator provides a new perspective for the practical application of lithium metal battery.

1. Introduction

Certainly, here is a possible introduction for your topic:Lithium-
metal batteries are promising candidates for high-energy-density
rechargeable batteries due to their low electrode potentials and high
theoretical capacities [1,2]. However, during the cycle, dendrites
forming on the lithium metal anode can cause a short circuit, which can
affect the safety and life of the battery [3-9]. Therefore, researchers are
indeed focusing on various aspects such as negative electrode structure
[10], electrolyte additives [11,12], SEI film construction [13,14], and
collector modification [15] to inhibit the formation of lithium dendrites.
However, using a separator with high mechanical strength and chemical
stability is another promising approach to prevent dendrites from
infiltrating the cathode. By incorporating a separator with high me-
chanical strength, it can act as a physical barrier to impede the growth of
dendrites. This barrier can withstand the mechanical stress exerted by
the dendrites during battery operation, preventing them from reaching
the cathode and causing short circuits or other safety issues. Moreover,
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chemical stability of the separator is equally important as it ensures that
the separator remains intact and does not react or degrade in the pres-
ence of the electrolyte or other battery components. A chemically stable
separator helps to prevent the formation of reactive species that can
further promote dendrite growth. Researchers are actively exploring
different materials and designs for separators to enhance their me-
chanical strength and chemical stability. These efforts aim to create
separators that can effectively block dendrite formation, thereby
improving the safety and performance of lithium-ion batteries. While
there are several research directions to address the issue of dendrite
formation, using a separator with high mechanical strength and chem-
ical stability is an important approach to prevent dendrites from infil-
trating the cathode and ensure safe operation of lithium metal batteries.

Several types of separators currently used in research include
nanoporous polymer separators [16], ceramic composite separators
[17], nanofiber separators [18-20], and metal-organic skeleton (MOF)
separators [21-24]. While these separators have shown some ability to
inhibit the growth of lithium dendrites, they still have some drawbacks,

Received 8 November 2023; Received in revised form 29 January 2024; Accepted 16 February 2024

Available online 17 February 2024
2468-0230/© 2024 Published by Elsevier B.V.


mailto:liuyang@cugb.edu.cn
www.sciencedirect.com/science/journal/24680230
https://www.sciencedirect.com/journal/surfaces-and-interfaces
https://doi.org/10.1016/j.surfin.2024.104081
https://doi.org/10.1016/j.surfin.2024.104081
https://doi.org/10.1016/j.surfin.2024.104081

M. Zhang et al.

which is why researchers are continuing their work. Nanoporous poly-
mer separators have high electrical conductivity and excellent me-
chanical properties, which can effectively inhibit dendrite growth and
reduce their size. However, these separators have low ion permeability
and pose a fire risk. Ceramic composite separators exhibit high tem-
perature and chemical stability, preventing dendrite growth and
improving battery life. Unfortunately, they are costly to prepare and
may decrease the energy density of the battery. Nanofiber separators
possess excellent ion transport performance and mechanical strength
while also preventing dendrite growth. However, the complex prepa-
ration method and the risk of flammability and unstable explosion are
concerns. MOF separators belong to a class of porous materials with high
surface area and excellent ion permeability, enhancing battery energy
density and cycle life. However, the stability and cost of preparing MOF
separators still require further optimization.

For many years, more researchers have been dedicated to using MOF
separators to suppress the growth of lithium dendrites [25-29]. For
example, Fu, Shiyang et al. studied a cake shaped TiO, coating with a
metal organic framework derivative on the separator [29]. Although
various MOF separators studied can effectively improve the dendrite
suppression effect of lithium metal batteries and also have a certain
effect on improving the cycling stability of batteries, further exploration
is needed to improve the cycling life of lithium metal batteries and
reduce material usage costs. Therefore, in this work, we studied the
application of CuMOF - aramid cellulose composite separator in lithium
metal batteries. The CuMOF phase provides mechanical strength and
chemical stability, while the aramid cellulose enhances ion selectivity
and can effectively reduce the occurrence of side reactions in electro-
chemical reactions, thereby improving the electrochemical performance
of the battery. This work aims to improve the safety and performance of
lithium metal batteries by developing effective separators based on
CuMOF-ANFs composites.

2. Experimental
2.1. Materials

Copper nitrate trihydrate granules, 1, 3, 5-benzoic acid granules and
anhydrous ethanol solution purchased from Aladdin. A coin-type cell
(CR2032), PP separator, and Cu foil were chosen as the parts for con-
structing the batteries, and they were all from Shenzhen KejingZhida
Technology Co., Ltd. The mixed fiber microporous membrane was
purchased from Shanghai Compact Film eparation Technology Co., Ltd.
Li foil was prepared from Beijing Jinbeinuo Technology Co., Ltd., and
the electrolyte was 1 mol/L LiTFSI in DOL/DME (v/v = 1:1) with 0.1
mol/L LiNO3 [30].

2.2. Preparation of CUuMOF-ANFs separator

3.6 mmol copper nitrate trihydrate was mixed with 12 ml distilled
water to form solution A, and then 0.42mmoll, 3, 5-benzoic acid was
mixed with 12 ml anhydrous ethanol solution to form solution B. Then,
the solutions A and B were mixed with 1 ml aramid cellulose at room
temperature for 30 min, and then poured into the inner lining of a clean
reactor. After heating in a vacuum drying oven at 120 °C for 12 h, the
solution was obtained and filtered on a vacuum pumping filter. The
obtained solids were dried in a vacuum drying oven for 24 h under the
condition of 60 °C and ground in a mortar for 15 min. Then, the blue
CuMOF-ANFs powder was prepared. The preparation of the CuMOF-
ANFs composite slurry requires mixing the CuMOF-ANFs powder with
the binder at a ratio of 8:1 and grinding it uniformly with N, n-dime-
thylamide for 20 min to ensure that the slurry is not obviously granular.
The PP separator was uniformly coated with CuMOF-ANFs slurry, and
the separator was put into a vacuum drying oven and dried at 60 °C for
24 h. After drying, the composite separator was cut into circular slices
with a diameter of 15 mm, and finally the CuMOF-ANFs separator was
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obtained.
2.3. Characterization

2.3.1. X-ray diffraction

CuMOF-ANFs powder was dispersed in ethanol and applied to
monocrystalline silicon zero-background scaffolds. X-ray diffraction
experiments were then performed with the Rigaku SmartLab SE in-
strument equipped with Cu-Ka radiation and the Lynxeye detector at
angles ranging from 5° to 80°.

2.3.2. Morphological characterization

The morphology of the CuMOF-ANFs separator and the recycled
lithium sheet was observed using a Field Emission Gun Scanning Elec-
tron Microscope y (FE-SEM, S-4800, Japan). Before the observation, a
thin layer of gold was sprayed on the separator to prevent electron
charging. However, no gold spraying was required on the lithium sheet.
The acceleration voltages used for the observations were 2 kV and 10 kV
[31].

2.3.3. X-ray photoelectron spectroscopy

The X-ray photoelectron spectroscopy (XPS) analysis was conducted
using a Micromeritics ESCALABXi" spectrometer equipped with a
monochromatic Al Ka X-ray source. The X-ray energy was set at 1486.6
eV, which corresponds to the Al Ka X-ray emission line. The instrument
was operated at a power of 225 W. To ensure accurate measurements,
the vacuum conditions in the spectrometer chamber were maintained at
1 x 10~° mbar. The separator with CuMOF-ANFs coating was tested.
This low-pressure environment helps minimize interference from air
molecules and ensures reliable data acquisition. During the XPS anal-
ysis, the binding energy was set to 284.2 eV [32].

2.3.4. Nitrogen adsorption

Nitrogen adsorption analysis was performed using a Autosorb-iQ
surface area analyzer, at —194 °C, to look at the separator’s meso-
porous, the specific surface area and pore size were calculated by
Bruner-Emmet-Teller (BET) and Barrett-Joyner-Halenda (BJH)
methods, respectively.

2.3.5. FT-IR spectroscopy

In order to verify the presence of functional groups in CuMOF and
CuMOF-ANFs composite separator, Fourier transform infrared (FT-IR,
Nicolet™ iS™ 5) spectra were recorded using the Bruker TENSOR II
Fourier Transform Infrared Spectrometer. The spectra were obtained in
the range of 4000-400 cm™! with a spectral resolution of 4 cm™. In
order to improve the signal-to-noise ratio, each spectrum was averaged
over 32 scans [31].

2.3.6. Contact angle analysis

Assessing the wetting of the diaphragm surface to the electrolyte
requires the use of a contact Angle/interfacial tensiometer (JC2000D).
The whole process needs to be operated in the glove box, the separator
with a diameter of 15 mm is completely immersed in the electrolyte, and
the liquid absorption rate and electrolyte retention rate of the membrane
are measured.

2.3.7. Thermogravimetric analysis

The thermogravimetric test (TGA) of the CuMOF-ANFs separator was
performed with a thermal analyzer (Hitachi TG/DTA7200). It is
important to dry the separator completely before testing. The temper-
ature rise was measured from 30 °C to 600 °C at a rate of 10 °C/min
under nitrogen atmosphere [31].

2.3.8. Electrochemical characterization
Electrochemical impedance spectroscopy (EIS) measurements of the
battery after different cycles were performed on the PARSTAT-2273
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electrochemical workstation with an amplitude of 10 mV in the fre-
quency range of 100 kHz to 100 mHz.

EIS is commonly used to evaluate the diffusion coefficient of lithium
ions in battery materials. The low-frequency Warburg impedance
observed in the EIS plot is directly related to the diffusion process of
lithium ions in the electrode material. The high-frequency intercept on
the real axis (Zreal) represents the resistance of the electrolyte. The
semicircle in the high-frequency range indicates charge transfer resis-
tance, while the low-frequency slashes are attributed to the diffusion of
lithium ions in the electrode material. The diffusion coefficient of
lithium ions can be calculated using the following formula [33]:

D —_ RI?

2AZnFIC2o?

Where R is the gas constant, T is the absolute temperature, A is the
surface area of the cathode, n is the number of electrons per molecule in
the oxidation process, F is the Faraday constant (96,486 C/mol), C is the
concentration of lithium ions, and ¢ is the Warburg factor. The rela-
tionship is as follows:

Zreal = Re + Ree + oo Y

Where R, is the resistance between the electrolyte and electrode, and
R is the charge transfer resistance, o is angle frequency [34].

The electrochemical stability of the diaphragm was evaluated by
cyclic voltammetry (CV) in the potential range of 0.01 ~ 3 V at different
potential sweep rates of 1 mV s~!. LAND equipment was used to test Cu-
Li half cells and Li-Li symmetric cells with and without CuMOF-ANFs
separators, respectively, to observe the electrochemical performance
of the battery after cyclic reaction, such as rate performance, Coulomb
efficiency, etc. Lithium iron phosphate powder, conductive carbon black
and PVDF (mass ratio 8:1:1) were mixed in NMP, thoroughly ground to
make a uniform cathode slurry, evenly coated on aluminum foil, and
dried in a vacuum drying oven at 60 °C for 24 h. Finally, the completely
dry electrode is assembled with the lithium electrode and diaphragm
using a tablet press to form a full battery.

2

3. Results and discussion

Fig. 1a shows the XRD pattern of CuMOF-ANFs powder, indicating a
well-defined crystal structure. The pattern displays strong diffraction
peaks that align closely with the standard cards. In Fig. 1b, the CuMOF-
ANFs separator XPS diagram reveals two prominent peaks at 934.5 eV
and 954.5 eV, corresponding to the Cu 2ps,2 and Cu 2p; s, states of Cu in
CuMOF, respectively. These XPS results confirm the presence of Cu. The
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successful coating of CuMOF-ANFs on the polypropylene separator is
evident. The micromorphology of the prepared CuMOF-ANFs powder
material was observed (Fig. 1c, d), and it was found that the CuMOF-
ANFs powder material was in regular octahedral shape with small
spherical particles attached to the surface. The cross-section of the
separator is further observed and the thickness of the separator is
measured. As shown in figure S1, the thickness of the ordinary PP
separator is 5.9 mm, while the thickness of the CuMOF-ANFs separator is
6.3 mm.It shows that copper powder has obvious morphology and clear
geometric characteristics. The regular octahedral shape of the CuMOF-
ANFs powder indicates that it has a crystal structure in which the
atoms are arranged in a symmetrical manner. This type of shape pro-
vides a larger surface area for chemical reactions and enhances me-
chanical properties. Table 1 presents the elemental composition of
CuMOF-ANFs, demonstrating that the separator mainly consists of Cu, C,
and O elements. The contact angles of the CuMOF-ANFs separator and
PP separator on the electrolyte droplets were measured respectively, and
the wettability of the electrolyte coated with the CuMOF-ANFs separator
was compared on a macroscopic scale (Fig. le, ). The contact angles of
CuMOF-ANFs separator and PP separator were 13° and 35°, respec-
tively, indicating that the separator coated with CuMOF-ANFs had more
polar functional groups and better compatibility between electrolyte
and CuMOF-ANFs separator. Moreover, the CUMOF-ANFs separator can
completely absorb the electrolyte almost instantaneously. Unfortu-
nately, the absorption time of ordinary PP separator is longer, which
also indicates the strong affinity between the CuMOF-ANFs separator
and the electrolyte, which can improve the absorption capacity of the
electrolyte, promote the transmission of Lit, and reduce the interface
impedance [49]. Therefore, the abundant polar functional groups
interact with lithium through electrostatic interaction, driving the uni-
form deposition of lithium [35,36].

Thermogravimetric analysis (Fig. 2a) revealed the thermal stability
of the CuMOF-ANFs separator. The first weight loss at around 100 °C is

Table 1
the CuMOF-ANFs elements of the separator.
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attributed to the evaporation of residual water within the CuMOF-ANFs
composite, which accounts for a small percentage of the total mass loss.
The second weight loss, occurring between 340 °C and 470 °C, is
attributed to the removal of molecular fragments such as O—H and CHp-
OH groups. Finally, the weight loss at 470-600 °C is due to the
decomposition of the cellulose skeleton within the composite. These
results indicate that the incorporation of aramid cellulose contributes to
the improved thermal stability of the composite membrane, preventing
its degradation to a certain extent [31]. Fig. 2b and S2 depicts the Ny
adsorption removal curve and pore size distribution of the CuMOF-ANFs
separator. According to BJH analysis, the average pore size of the
separator is determined to be 24.855 nm, indicating a mesoporous
structure. Following the aperture classification subdivision and supple-
ment by IUPAC in 2015, the separator is classified as a nanopore. The
specific surface area of the CuMOF-ANFs composite is measured to be
766.624m?/g, surpassing that of Cu-MOF (434.44 m?/g). This indicates
that the incorporation of aramid cellulose not only creates new voids
within the material but also increases its porosity. The growth and
unique structure of the composite result in a more uniform distribution
of aramid on the CuMOF material. The larger specific surface area and
higher pore structure enhance the surface adsorption performance of the
catalyst and generate more active sites, thereby facilitating the degra-
dation reaction [37]. Fig. 2c presents the infrared spectrum of the
CuMOF-ANFs separator. The spectrum reveals that the N—H typical
band of ANFs coincides with the expansion band of —OH stretching
vibration, ranging from 3650 to 3000 cm ™. Additionally, the peaks at
1653, 1542, and 1514 cm ™! correspond to C=O stretching in amide,
N—H bending in phenyl, and C—N stretching vibration, respectively.
The characteristic peaks of the CuMOF crystal structure, such as Cu-O
and Cu-N peaks at 600-700 cm ™, are also observed. Notably, the in-
tensity of the CuMOF-ANFs peak appears to have been enhanced. This
enhancement can be attributed to the presence of numerous functional
groups on the separator’s surface, which interact with lithium ions and
consequently increase the separator’s adsorption capacity for lithium
ions[18]. This heightened adsorption capacity ultimately contributes to
the improvement of the electrochemical performance and cycle life of
lithium metal anode batteries. In addition, the battery separator must
maintain its toughness and strength during long-term use, which is used

to ensure the integrity of the diaphragm structure during the battery
cycle and reduce safety accidents caused by physical damage or chem-
ical reactions. Therefore, the mechanical properties of the separator are
also very important, and the mechanical properties of the CuMOF-ANFs
separator are tested (Fig. 2d). It can be seen from the stress-strain curve
that the CuMOF-ANFs separator has better mechanical properties than
the ordinary PP separator. The test results show that because aramid
cellulose has very high strength, high tensile properties and high
toughness, the CuMOF-ANFs separator can better withstand the tensile
stress, reduce the risk of fracture and rupture, and improve the dura-
bility of the separator. To further verify the performance of
CuMOF-ANFs separators, Differential Scanning Calorimetry (DSC) and
Thermomechanical Analysis Method (TMA) testing are excellent
methods. From the S3 (a) figure, it can be seen that the thermal closure
temperature of CuMOF-ANFs separator and commercially available PP
separator is not significantly different, indicating that the prepared
CuMOF-ANFs separator has a certain degree of thermal stability. At the
same time, it also indicates that when the operating temperature of
lithium metal batteries is too high, the CuMOF-ANFs separator will
automatically close the micropores that originally allowed lithium ions
to freely pass through, preventing the danger of short circuits or even
explosions caused by lithium ions in positive, high, and high currents,
which can serve as a special protection mechanism. From the TMA test
chart of S3 (b), it can be seen that with the increase of temperature, the
reduction degree of CuMOF-ANFs separator is lower than that of PP
separator, indicating that CuMOF -ANFs separator has better thermal
stability. These advantages will improve the overall mechanical per-
formance of the separator, so that this 3D porous mesh structure of the
separator can be applied to various fields. After 500 cycles, the battery
was disassembled, and the morphology of the lithium sheets (Fig. 2f)
clearly showed the formation of numerous dendritic dendrites on their
surface. However, as depicted in Fig. 2e, the presence of lithium den-
drites on the surface of the disassembled lithium sheets from the battery
with a CuMOF-ANFs separator was barely discernible. This indicates
that the CuMOF-ANFs separator was effective in inhibiting the forma-
tion of lithium dendrites.

The electrochemical impedance spectroscopy (EIS) of Cu-Li half cells
with CuMOF ANFs separator and cells with ordinary PP separator were
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performed at room temperature respectively. After analyzing the
impedance diagram (Fig. 3a), it is evident that the CuMOF-ANFs sepa-
rator exhibits an interface resistance of 97 Q, whereas the common PP
separator shows an interface resistance of 123 Q. This indicates that the
CuMOF-ANFs separator possesses a lower interface resistance and better
interface compatibility. Further investigation reveals that the interfacial
charge transfer impedance between the ANFs separator and lithium
metal electrode is lower, and the interfacial compatibility is improved.
This enhancement is attributed to the improved absorption performance
of the ANFs separator on the electrolyte. The composite coatings of
CuMOF and ANFs have a high solubility for the carbonate electrolyte,
facilitating the formation of a gel layer with adhesive properties at the
separator/electrode interface. Consequently, this leads to tight interface
contact and efficient charge transfer. Moreover, the gel layer formed by
encapsulating the liquid electrolyte reduces the occurrence of side re-
actions between the solvent and the lithium electrode. This reduction
inside reactions leads to a decrease in the thickness of the solid elec-
trolyte interface (SEI) film, which in turn promotes efficient charge
transfer at the electrode interface of the separator. The improved
interfacial compatibility between the composite separator and the
electrode helps to mitigate ohmic polarization during the charge-
discharge reaction [18,38]. After subjecting the Cu-Li half battery to
50 cycles at a current density of 1 mA/cm? the electrochemical
impedance was measured for both the CuMOF-ANFs separator and the
ordinary PP separator (Fig. 3b). At a frequency of 0.01 Hz, the Cu-Li
half-cell with the CuMOF-ANFs separator showed an impedance of
approximately 5861 €, whereas the normal separator exhibited an
impedance of 9318 Q. The lower impedance observed in the
CuMOF-ANFs separator can be attributed to its three-dimensional
porous mesh structure. Additionally, the lithium ion conduction rate
for the CuMOF-ANFs separator was found to be 4.82107'7 cm?s~!, while
the ordinary PP separator had a lower conduction rate of only 1.021071°
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em?s~! (Fig. 3¢). This suggests that the new CuMOF-ANFs separator
outperforms the traditional polymer separator in terms of lithium ion
conduction. Overall, these results indicate that the CuMOF-ANFs sepa-
rator prepared in this study can effectively meet the requirements of a
lithium metal anode battery separator [31,39,40].

The cyclic voltammetry (CV) curves obtained at different scanning
rates (Fig. 4a) exhibit two oxidation peaks around 1.0V-2 V and
reduction peaks near 0.6 V and 1.75 V, indicating the electrochemical
reaction of Cu-MOF. The presence of a reoxidation peak suggests that the
CuMOF-ANFs composite membrane possesses good electrochemical
activity, which facilitates the formation of a uniform and stable SEI layer
during the process of lithium deposition and dissolution. To evaluate the
rate performance of the Li-Li symmetrical battery, the battery was cycled
at various current densities including 0.2C, 0.5C, 1C, 2C, and 5C. The
corresponding voltage-time profiles are illustrated in Fig. 4b. It can be
observed that the battery with the CuMOF-ANFs separator exhibits more
stable voltage fluctuations compared to the ordinary battery at different
current densities. This indicates that the CuMOF-ANFs separator con-
tributes to enhancing the cycle stability of the battery. As the Fig. 4c
shown, the cycle performance of the CuMOF-ANFs composite separator
was evaluated by conducting 130 cycles at a temperature of 25 °C, using
a fixed charge-discharge current density of 1 mA/cm?. Fig. 4c illustrates
the results, showing that after 110 cycles, the battery discharge capacity
retention rate of the CuMOF-ANFs separator was approximately 96 %.
This retention rate was significantly higher than that of the battery
assembled with an ordinary separator, which only retained about 75 %
of its discharge capacity. These findings indicate that the CuMOF-ANFs
composite separator exhibits excellent cycle stability for lithium metal
anode batteries. Furthermore, it was observed that the CuMOF-ANFs
system achieved nearly 100 % coulomb efficiency after 110 cycles.
This observation further supports the notion that the good stability of
the battery is attributed to the presence of the aramid nanofiber and
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Fig. 3. (a) EIS profiles of the cell using the CuMOF-ANFs separator (b) Bode plots of CUMOF-ANFs separator (c) Linear diagram of angular frequency and impedance.
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CuMOF structure. These components provide a 3D porous mesh struc-
ture for the CuMOF-ANFs separator, enhancing its Young’s modulus.
This improvement in mechanical properties is beneficial for inhibiting
the growth of lithium dendrites and preventing short circuits during the
long-term cycling process. Overall, these results demonstrate the po-
tential of CuMOF-ANFs composite separators in enhancing the perfor-
mance and safety of lithium metal batteries[19]. During the test period
with a current density of 1 mA/cm? the voltage distribution of the
lithium-ion symmetric battery coated with the CuMOF-ANFs composite
separator remained relatively stable for a duration of 2000 h (Fig. 4d).
As shown in figure S4, the voltage fluctuation amplitude of the battery
with CuMOF-ANFs separator is stable at about 900 and 2000 h of
cycling. This indicates that the composite coating on the separator
effectively mitigates fluctuations in voltage and reduces the lithium
stripping/plating potential. The voltage distribution of the Li-Li sym-
metric cells without coated separators, on the other hand, showed large
and irregular fluctuations, indicating poor cyclic stability. Furthermore,
the lithium stripping/plating potential in the Li-Li symmetric cells with
the CuMOF-ANFs composite coated separator was consistently low (<20
mV), indicating a more stable electrode performance. In contrast, the
Li-Li symmetric cells without coated separators exhibited a high lithium
stripping/plating potential, indicating a less stable electrode perfor-
mance. These results demonstrate that the CuMOF-ANFs composite
coated separator significantly improves the cyclic stability and electrode
performance of Li-Li symmetric cells. The presence of the composite
coating on the separator helps to maintain a stable voltage distribution
and reduce the lithium stripping/plating potential, resulting in
enhanced cyclic stability and performance. In conclusion, the
CuMOF-ANFs composite coated separator is a promising solution for
improving the performance and stability of Li-Li symmetric cells. It
effectively addresses the challenges associated with voltage fluctuations
and lithium stripping/plating potential, thereby enhancing the overall
performance and safety of lithium metal batteries [30]. In order to
further test the catalytic effect of the CuMOF-ANFs separator on the
electrochemical performance of the lithium metal anode battery, the
performance of the CuMOF-ANFs separator in the full cells will be
studied. The polarization voltage of the full cells with the
CuMOF-ANFs-coated separator stabilized at about 0.54 V after 500 cy-
cles at a current density of 1 mA/cm? for the whole battery (as shown in

Fig. 4e). In contrast, the voltage of the battery utilizing the PP separator
was less stable and could not complete the full 500 cycles as expected (as
shown in figure S5) [36]. The Coulombic efficiency was employed as a
robust validation method to further evaluate the electrochemical sta-
bility of the full battery. Based on the Fig. 4f, it can be inferred that the
inclusion of CuMOF-ANFs separators in a full battery significantly en-
hances its Coulombic efficiency and stability compared to batteries with
conventional dividers, particularly after 140 cycles. The Coulombic ef-
ficiency of a full battery with a PP separator rapidly decreases, whereas
conversely, a full battery equipped with a CuMOF separator can achieve
approximately 80 % efficiency. This observation underscores the po-
tential of CuMOF-ANFs separators in enhancing the overall electro-
chemical performance of batteries. This excellent performance results
show that CuMOF-ANFs separator can not only inhibit the growth of
lithium dendrites, but also significantly improve the deposition of
lithium metal and improve the electrochemical performance of lithium
metal anode batteries. This excellent performance further demonstrates
the potential of this new 3D porous mesh separator in practical
applications.

4. Conclusion

The novel CuMOF-ANFs composite separator with a three-
dimensional porous mesh structure was investigated in this study. The
separator possesses high ionic conductivity, and stable electrochemical
activity. By incorporating aramid cellulose into CuMOF, the composite
separator demonstrates significantly improved electrochemical perfor-
mance compared to traditional separators. The CuMOF-ANFs composite
separator effectively inhibits the growth of lithium dendrites, facilitates
efficient charge transfer at the separator-electrode interface, and forms a
uniform and stable solid electrolyte interphase (SEI) layer during
lithium deposition and dissolution. As a result, the cyclic stability and
cycle life of lithium metal anode batteries are greatly enhanced. The
experimental results reveal that the 24.855 nm CuMOF-ANFs separator
achieves a Coulomb efficiency of 96 % after 110 cycles at a current
density of 1mAh/cm?. Furthermore, the long-cycle test demonstrates
stable voltage fluctuation even after 2000 h under the same conditions.
Finally, full batteries with a CuMOF-ANFs separator can still maintain a
stable voltage of around 0.54 V after 500 cycles. In addition, the
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preparation process of this new type of separator is relatively simple and
can be large-scale production. In general, the prepared three-
dimensional porous mesh structure of CuMOF-ANFs separator pro-
vides a new way to solve the problem of short circuit during the cycle of
lithium metal anode battery, the excellent performance of the CuMOF-
ANFs separator is also conducive to lithium metal to overcome the
shortcomings of lithium dendrites, is expected to replace graphite as the
next generation of high-capacity, high-current density battery potential.
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