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Li metal has been regarded as the holy grail for the next-generation Li-ion battery. Li dendrites issues,
however, impede its practical application. In general, prolonging the sand time of Li nucleation and reg-
ulating homogeneous Li* flux are effective approaches to suppress the dendrites formation and growth.
Regarding this view, a functional polypropylene (PP) separator is developed to regulate ion transporta-
tion via a newly designed Li-based metal-organic framework (Li-MOF) coating. The Li-MOF crystallizes
in the orthorhombic space group P212121 and features a double-walled three-dimensional (3D) struc-
ture with 1D channels. The well-defined intrinsic nanochannels of Li-MOF and the steric-hinerance effect
both restrict free migration of anions, contributing to a high Li* transference number of 0.65, which
improve the Sand time of Li nucleation. Meanwhile, the Li-MOF coating with uniform porous structure
promotes homogeneous Li* flux at the surface of Li metal. Furthermore, the Li-MOF coating layer helps
to build solid-electrolyte interphase (SEI) layer that comprises of inorganic LiF and LisN, which further
prohibits the dendrites growth. Consequently, a highly stable Li plating/stripping cycling for over 1000 h
is achieved. The functional separator also enables high-performance full lithium metal cells, the high-rate
and long-stable cycling performance of LiNiggMng;Cog; (NMC811)-Li and LiCoO, (LCO)-Li cells further
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demonstrate the feasibility of this concept.
© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Lithium metal has been considered as the holy grail for next-
generation lithium batteries due to its high specific capacity (3860
mAh/g) and low redox potential (—3.05 V vs. SHE) [1-6]. Li
dendrites growth induced by inhomogeneous Li plating/stripping,
however, causes serious safety concerns and prohibits its practical
applications [7—9]. Moreover, the low coulombic efficiency, orig-
inated from a severe Li/electrolyte reaction and an infinite vol-
ume change, results in impedance increasement and rapid capacity
degradation [10—13]. Generally, the formation kinetics of lithium
dendrites including the initially nucleation process and laterally
growth process. The nucleation of dendrite starts at a so-called
Sand’s time during which the current density is above the over-
limiting current [14]. The Sand’s time is highly dependent on the
transference number of Lit (f;+), normally a larger t;+ brings a
higher Sand’s time, leading to the longer lifetime prior to nucle-
ation of lithium dendrites [15]. Therefore, the nucleation of lithium
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dendrites should be restricted by improving the fj;+, that is pro-
moting Li* transport while retarding anions migration. For the
growth process, the manipulation of homogeneous Li* flux at the
surface of Li metal is an effective way to avoid the randomly
growth of mossy lithium dendrites [16]. In addition, the solid-
electrolyte interphase (SEI) in situ formed on the Li metal surface
in such electrolyte presents a porous structure with a nonuniform
distribution of chemical components as well as Li™ flux [17]. Dur-
ing long-term cycling, the Li* flux across the SE layer also shows
crucial effect on the Li dendrites growth. It is concluded that the
lithium dendrite issues could be well addressed by regulating the
ion transport (both Li* and anions) at the surface as well as in the
SEI layer of Li metal.

Normally, an insulating porous separator is used to avoid the
direct contact of cathode and anode, but allow the free transport
of Lit and anions transportation though the pores, which makes
it an ideal candidate for regulating the ion transport after ratio-
nal modification. Not only uniform nanoscale pore structure that
induces homogeneous Li™ flux but also a cation selectivity that
could limit the free transport of anions should be well designed.

1001-8417/© 2022 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia Medica, Chinese Academy of Medical Sciences.
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Regarding this, extensive efforts have been made on the traditional
PP separators to regulate ion transport. Regarding this, solid-states
electrolyte coated such as lithium lanthanum zirconium oxide
(LLZO), Li; 3Alp3Geq7(PO), (LAGP) [18,19]. Two-dimensional layered
graphene, nitrogen-doped graphene [20] and MXenes (Ti3C,Ty, Tx
stands for functional groups), vertically aligned nanoscale chan-
nels [21], and 3D structures containing nanopores [22] have
been designed to modulate the flux of Lit transport. This func-
tional coating materials may also in-situ react with Li metal and
form uniform SEI layer that further uniform the Li* flux during
the dendrite growth, such as LiMg alloy (oriented from meso-
porous MgO), LisPO4 (reduced by Lij3Alg3Ti;7PO4). The in-situ
formed interphases not only uniforms the Li*t flux across the SEI
layer but also suppress the dendrites growth because of its high
modulus.

Recently, metal-organic frameworks (MOFs) [23—25], because of
its controllable pore size, functional groups and various topolog-
ical structures, have been widely evaluated as an ion modulator
[26]. For example, a separator coated by MOFs was designed to
suppress the shuttle effect of polysulfides. It was proved that the
MOFs could inhibit the free movement of S2- [27]. Another kind of
MOF material (Mn-BTC) constructed by 1,3,5-benzene tricarboxy-
late and manganese ions was also fabricated to prohibit the free
diffusion of polysulfides via an electrostatic repulsion effect [28]. It
is found that the MOFs are ideal candidates to suppress the free
movements of S2- anion.

In this work, a functional separator coated with Li-MOF which
possesses confined porous structure is fabricated after a rational
design to regulate the Li* transport for addressing the lithium den-
drite issues. Firstly, the 1D channels of Li-MOF are divided into
several small compartments by coordinated DMF molecules. These
confined channels only allow small Li* ions to pass through and
thus restrict the free migration of larger PF6- anions. With the
Li-MOF coated onto the commercial polypropylene (PP) separa-
tor, t;;+ increases from 0.36 to 0.65, indicating the improvement
of Lit transport and the restriction of anions migration. In addi-
tion, a relatively homogeneous Li-MOF coating with intrinsic nano-
sized channels and gap channels (ca. 2 A) could simultaneously
achieve a uniform lithium deposition, which further suppresses the
growth of lithium dendrites. Furthermore, the N(CH3), functional
group in the Li-based MOF may react with Li metal and forms
stable SEI layer. As a result, a highly stable Li plating/stripping
(more than 1000 h) with uniform SEI layer is enabled by the multi-
functional separator. Moreover, the electrochemical performance of
both LiNiggMng;Cog; (NMC811)-Li and LiCoO, (LCO)-Li cells with
the designed functional separator exhibit excellent electrochemical
performance. For example, even at a high active material loading
of 15 mg/cm?, the capacity retention of LCO-Li cell is 72.2% after
500 cycles at 1 C. Our work may offer new possibility and princi-
ples for designing not only advanced separators but also solid-state
electrolytes toward high-energy-density dendrite-free Li metal bat-
teries.

To synthesize Li-MOF, a mixture of LiCl (0.4 mmol) and isoph-
thalic acid (0.2 mmol) was dissolved in the solution of 5 mL
N,N-dimethylformamide dimethylformamide (DMF)/H,0 (4:1, v/v).
Then the mixture was treated by ultrasound to clear solution and
heated at 80 °C for 4 days. The mixture was then cooled down
to room temperature. Colorless square crystals were obtained
and air-dried (yield 68%, based on LiCl). The coating of Li-MOF
on PP separator was performed by a traditional slurry coating
method. The receipt containing 90 wt% Li-MOF powders and 10
wt% PVDF binder was thoroughly mixed in 1-methyl-2-pyrrolidone
(NMP) solvent. The well-dispersed slurry was cast on commercial
polypropylene (PP, Celgard 2500) separators and then dried in
a vacuum oven at 55 °C for 12 h. The coating thickness after
drying was controlled to be below 15 pm. The used separators
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for Li-Li and full cells were double-side and single-side coating,
respectively.

The crystal structure of the synthesized Li-MOF was character-
ized by X-ray diffraction (XRD) (Cu Ky, A ~ 0.15406 nm). Mor-
phologies of the Li-MOF and Li-MOF coated PP separator was ex-
amined using a field-emission scanning electron microscope (FE-
SEM, JSM-7600F). Fourier-transform infrared spectroscopy (FTIR)
was carried out to examine the chemical bond of MOF. X-ray pho-
toelectron spectroscopy (XPS) was used to analysis the chemical
bond of MOF as well as the SEI on Li metal after cycling. Thermo-
gravimetric analysis (TGAs) was carried out on a Rigaku standard
TG-DTA analyzer under N, with a heating rate of 10 °C/min, with
an empty Al,03 crucible used as the reference. Simulation of the
PXRD pattern was carried out by single-crystal data. Differential
scanning calorimetry (DSC) was characterized using a DSC250 Dif-
ferential scanning calorimeter (TA, USA) with a heating rate of 10
°C/min from 25 °C to 550 °C under N, atmosphere.

A carbonate electrolyte containing 1 mol/L LiPFg in mixed ethy-
lene carbonate (EC):ethyl methyl carbonate (EMC):dimethyl car-
bonate (DMC) (1:1:1, v/v/v) solvents was used for all cells. Li-Li
symmetric cells with PP and PP/MOF separators were prepared
with current densities between 1-5 mA/cm?2. Li/Cu cells with PP
and PP/MOF separators were also assembled to test the lithium de-
position overpotential. LCO-Li cells with an active material loading
of ~15 mg/cm? were fabricated and tested between 2.8-4.3 V. The
LCO cathode contains 80 wt% LCO, 10 wt% polyvinylidene difluo-
ride (PVDF) and 10 wt% carbon black. The long-life performance of
LCO-Li cell was tested at a rate of 1 C (1 C=140 mA/g). Rate capa-
bility tests at various current densities from 0.5 C to 4 C were per-
formed. Electrochemical impedance spectroscopy (EIS) tests were
performed using an electrochemical workstation (Biologic SP-300)
between 7 MHz and 0.1 Hz with an AC amplitude of 10 mV. The
NMC811-Li cells with an active material loading of ~10 mg/cm?
were fabricated and tested between 2.7—4.3 V at a current of 0.5
C (1 C=200 mA/g). The NMC811 cathode contains 80 wt% LCO, 10
wt% PVDF and 10 wt% carbon black.

The relationship between ionic conductivity (o) and tempera-
ture was measured by electrochemical impedance spectrum (EIS)
analysis. The ionic conductivity of the composite electrolyte was
characterized in a stainless steel (SS) sandwich (SS-Separator-SS)
cell by Bio-logic electrochemical workstation in the frequency
range from 7 MHz to 0.1 Hz at room temperature with an applied
oscillation voltage of 10 mV. Prior to the measurement the sys-
tem was kept at the specific temperature for 1 h. The ion con-
ductivity (o) was calculated via following formula: o = L/(R x S),
in which L was the thickness of the separator, R and S repre-
sented the bulk resistance and the area of the separator, respec-
tively. Li/separator/Li symmetric cells were prepared to measure
the t;;+ and polarization curves of the battery through alternating
current (AC) impedance and direct current (DC) polarization meth-
ods. The value of t;+ were calculated on the basis of the Bruce-
Vincent-Evans formula: t;;+ = Is (AV - IgRg)/(AV - IsRs), where
Ip, Is, Ro, Rs represent the initial, steady-state polarization current,
initial resistance and steady-state resistance, respectively.

Herein, a new kind of Li-MOF with smaller channels was se-
lected to prepare the PP/MOF composite separator based on con-
siderations of the effects of steric hindrance. The functional Li-MOF
material loaded on the surface of PP membranes is expected to
improve the transport selectivity of lithium ions. This MOF mate-
rial features a double-walled 3D porous structure with 1D chan-
nels. It is worth noted that there existing confined channels (ca. 2
A) formed by division of the coordinated DMF molecules as illus-
trated in Fig. 1a. These confined channels may provide a pathway
for lithium ions in the lithium battery. The as-synthesized Li-MOF
was then hand grinded in a mortar for 30 min to get finely Li-MOF
powders. The Li-MOF was coated on PP separator using a compat-
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Fig. 1. (a) Schematic illustration of the PP/MOF separator regulating the Li* and anions transportation at the surface of Li metal. The crystal structure of the newly designed
Li-MOF. (b) The cross-sectional SEM image of PP/MOF separator. (c) The surface SEM image of PP/ MOF separator. (d) XRD diffraction patterns of the as-synthesized Li-MOF.

(e) The TGA and DSC curves of the fabricated Li-MOF.

ible slurry casting method with PVDF binder. The coated Li-MOF
shows a hollow structure with a thickness of ~15 pm (Fig. 1b). The
interconnected Li-MOF spheres exhibit a scale of ~1 mm, which is
much smaller than that of PP separator. Also, the MOF samples are
evenly distributed on the surface of PP separator (Fig. 1c). In addi-
tion, the intrinsic confined atomic channels of the MOF framework
will further uniform the lithium ions transport. The crystal struc-
ture of as-prepared Li-MOF powders and PP/MOF separator were
confirmed by X-ray diffraction (XRD). As shown in Fig. 1d, the XRD
peaks of as-synthesized MOF were in good agreement with that
of previously reported by our group [29]. There exist crystalline
MOF materials (Fig. S1 in Supporting information) in the compos-
ite membrane. The slight shifts of low-angle peaks in the XRD pat-
terns should be related to the dynamic sliding of the framework,
which might be triggered by the grind mechanical pressure exerted
on the material. Thermogravimetric analysis (TGA) and differential
scanning calorimetry (DSC) experiments were also performed to
test the thermal stabilities of the Li-MOF material. The curve shows
two platforms from 100 °C to 600 °C, the sample maintains its
crystal integrity until ca. 490 °C (Fig. 1e), indicating the high ther-
mal stability of the Li-MOF material. Furthermore, the DSC curve
result is consistent with the temperature information provided by
the thermogravimetric curve (Fig. 1e). These results indicate that
the Li-MOF sample is an ideal candidate to prepare functional ions
regulator.

To estimate ion transportation and electrochemical stability of
the Li-MOF coated PP separator against lithium metal, symmet-
ric Li-Li coin-type cells were assembled and carbonate liquid elec-
trolyte was added into the cells. With an area capacity of 1
mAh/cm?, the symmetric cells with PP/MOF separators demon-
strate a stable Li plating/stripping voltage during 1000 h under a
current density of 1 mA/cm?2 (Fig. 2a). By contrast, the cell with the
PP separator shows an obvious voltage increase after 350 h. This
may be caused by continuous dendritic mossy Li and dead lithium
formation during repeated cycles, which not only weakens physical
contact with each other but also reduces the bulk conductivity of
Li dendrite. At an enlarged view of the polarization voltage curves,
shown in Fig. 2b, the PP/MOF separator shows much lower nucle-
ation overpotential, because the sharp voltage change between the
initial nucleation and the stable deposition process should be as-
sociated with the nucleation overpotential. In the case, the over-
potentials of PP separator were 50, 70 and 78 mV for the first

three cycles at 1 mA/cm?. By a sharp contrast, the overpotentials of
PP/MOF separator were 15, 11, and 10 mV for the initial 3 cycles. At
a higher area capacity of 2 mAh/cm? per cycle, the same trend is
also observed (Figs. 2¢ and d). The cell with PP/MOF shows stable
cycling after 500 h, while the cell with the PP separator shows an
obvious voltage hysteresis increase after 120 h. With the Li-MOF
coating, the electrochemical stability of Li plating/stripping was
significantly improved. To reveal the Li deposition mechanism with
the Li-MOF coating, the Lit transfer number t;;+ was evaluated
quantitatively through the classical Bruce-Vincent model [8]. Gen-
erally, the PP and PP/MOF separators were assembled into the Li-Li
symmetric cells, the polarization current under a small polarization
voltage, the initial and steady-state values of the impedance were
examined. As shown in Figs. 2e and f, the interfacial resistance of
the PP/MOF separator was much smaller than that of the PP sepa-
rator before and after polarization. Based on the above model, the
t+ values of the PP and PP/MOF separators were 0.36 and 0.65,
respectively. The enhanced t;;+ could be attributed to the confined
channels of the Li-MOF, which shows steric-hinerance effect of the
lager anions PFS~ in liquid electrolyte. As shown in Fig. 2g, the
ionic conductivity of the PP and PP/MOF separators was measured
by electrochemical impedance spectroscopy (EIS) in stainless steel
(SS)/Separator/SS cells. The PP and PP/MOF separators exhibited an
ionic conductivity of 1.06 and 0.71 mS/cm, respectively. The rel-
atively low ionic conductivity of PP/MOF may be associated with
the nanopores and its prohibition of movement of the anions.

To further determine energy barrier of the Li nucleation before
and after Li-MOF coating, impedance of Li-Li symmetric cells at
varying temperatures from 30 °C to 60 °C were carried out (Fig. S2
in Supporting information). Figs. S2a and b show the impedance
of PP and PP/MOF separators, respectively. The Arrhenius plot was
shown in Fig. S2c, and the energy barriers for PP and PP/MOF
were calculated to be 71.25 and 53.93 kJ/mol (Fig. S2c), respec-
tively. The lower energy barrier for Li deposition induces smaller
overpotential in the Li-Li symmetric cells. This phenomenon was
further confirmed in a Li-stainless steel (SS) cell (Fig. S3 in Sup-
porting information), at 1 mA/cm?2, the nucleation overpotentials
for PP and PP/MOF were 170 mV and 77 mV, respectively. It is
obvious that the Li-MOF coating effectively reduces the Li nucle-
ation energy barrier, which may attribute to the homogeneous Li*
flux regulation that reduces the local current density. In addition,
the restricting of anions migration can also reduce the concentra-
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Fig. 2. (a) The cycling performance of Li-Li symmetric cell with PP and PP/MOF separators at a current density of 1 mAh/cm?. (b) The enlarged curve in (a) during the
initial 10 h. (c) The cycling performance of Li-Li symmetric cell with PP and PP/MOF separators at a current density of 2 mAh/cm?. (d) The enlarged curve in (c) during
the initial 10 h. (e) Current-time profile of the symmetrical Li-Li cell with PP separator. The inset shows the EIS of the Li-Li symmetric cell before and after polarization. (f)
Current-time profile of the symmetrical Li-Li cell with PP/MOF separator. The inset shows the EIS of the Li-Li symmetric cell before and after polarization. (g) Impedance of

SS-SS symmetric cells with PP and PP/MOF separators.

tion polarization effect that leads to high-rate performance [8]. The
unique structure of Li-MOF coating not only promotes the cycling
stability but also enhances the rate performance in lithium metal
battery (Fig. S4 in Supporting information), which is enabled by a
simple and scalable Li-MOF coating method.

To further demonstrate the functional effects of PP/MOF sepa-
rator, NMC811-Li and LCO-Li full cells were assembled. High area
capacity LCO cathode with a mass loading of 15 mg/cm? was used
to evaluate the stability of the modified separator against Li metal.
For a full LCO-Li cell, as shown in Fig. 3a, the cycling stability of the
cell using PP/MOF was significantly improved. For example, with a
voltage window of 2.8-4.3 V, the specific capacity retention of PP
separator was only 11.6 mAh/g after 500 cycles at a current den-
sity of 1 C (1 C=140 mA/g), which is 7.7% of the initial capac-
ity (150.1 mAh/g). In a sharp contrast, the cell with PP/MOF still
shows a high specific capacity of 109.5 mAh/g and the capacity
retention ratio is 72.2%, which is almost 9 times enhanced than
that without Li-MOF coating. The Li-MOF modification also reduces
the overpotential in a full lithium metal cell, as shown in Fig. 3b,
for the initial cycle, the overpotentials at the mid-capacity point
of PP and PP/MOF were 16 and 8 mV, respectively. After 500 cy-
cles, the overpotentials of PP and PP/MOF increased to 600 and
300 mV, respectively. The smaller overpotential may be associated
with the fast kinetics during Li nucleation and lithium growth pro-
cesses, which is enabled by the homogeneous Li* flux and high Li*
transfer number. It should be noted that, the continuous SEI for-
mation also contributes larger overpotential. However, in the case
of PP/MOF separator, the stable cycling performance implies that
the stable SEI should be formed with the existence of Li-MOF. The
fast kinetics and stable SEI of Li dendrites contribute to high-rate
performances. For example, the LCO/Li cell with PP/MOF separator

exhibited good rate performance (Figs. 3c and d) and the specific
capacities were 149.1, 133.4 and 91.8 mAh/g at 1, 2 and 4 C, re-
spectively. For the PP separator, the rate capacities were only 138.7,
124.7 and 77.8 mAh/g at 1, 2 and 4 C, respectively. The impedance
spectra further confirm the fast kinetic of Li deposition enabled by
the MOF (Fig. 3e). For the as-assembled cells, one semicircle was
observed for each spectrum, which is corresponded to the charge
transfer resistance. It is obvious that the charge transfer resistance
was reduced with the Li-MOF modification. After 100 cycles, a new
semicircle was observed at high frequency, which is attributed to
the SEI resistance. Again, the SEI resistance of the cell with PP/MOF
separator was also smaller than that without Li-MOF coating. The
EIS data directly demonstrates the fast Li* transportation at the
surface as well as the SEI layer with the Li-MOF modification.
The PP/MOF functional separator could also be used in a lithium
metal battery with high specific single-crystal NMC811 cathode. At
a current density of 0.2 C (1 C=200 mA/g) in a voltage window
between 2.8—4.2 V, the initial specific capacities were 198.3 and
200.7 mAh/g for NMC811-Li cells with PP/MOF and PP separators
(Fig. 3f), respectively. The current density was increased to 0.5 C
after 2 cycles, the cell with PP/MOF separator shows higher capac-
ity retention of 120 mAh/g compared to the 37.6 mAh/g of the cell
with PP separator (Fig. 3g).

Both the homogenous Li*t flux and ionic selective effect of
PP/MOF separator contribute to uniform Li deposition. The sur-
face morphology of the deposited lithium after repeated Li plat-
ing/stripping processes were shown in Fig. 4, the lithium metal cy-
cled in the cell with a PP separator shows a mossy and porous
morphology (Fig. 4a). Besides, a large amount of dendritic and
rod-like deposits could be observed on the surface of lithium
metal (Fig. 4b). The transformation of Li metal to Li dendrites in-
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creases the surface area and unwanted side reactions with lig-
uid electrolyte, which laterally increases the polarization voltage
and causes fast capacity fading. In a sharp contrast, the surface
of lithium metal after cycling in a PP/MOF cell exhibits relatively
smooth and glossy morphology because of no lithium dendrites
but some disc-like lithium metal formed (Figs. 4c and d). It is
demonstrated that Li-MOF coating on PP separator is highly effec-
tive to construct dendrite-free Li metal anode. Meanwhile, the Li
nucleation and dendrite growth is highly dependent on the sand
time and Li* flux. In theory, not only the intrinsic nanopores in
Li-MOF that serves as Li transport channel but also the steric-
hinerance effect of confined channels in Li-MOF that forbidden the
free transportation of anions. As a result, a higher f;;+ leads to
larger Sand’s time (the nucleation time of lithium dendrites) ac-
cording to the Sand’s formula, implying the dendritic nucleation is
suppressed. In addition, during the dendrite growth process, the
nano-sized channels (ca. 2 A) in Li-MOF promoted a uniform Li*+
flux for a homogeneous Li deposition, which further suppressed
the lithium dendrites.

The Li-MOF also contributes to form stable SEI during Li plat-
ing and stripping. The Li-Li symmetric cell was disassembled after
100 cycles and the Li metal was washed with DMC before char-
acterization. It is found that besides Li,CO3 (Fig. S5a in Support-
ing information) that formed by reducing the carbonate solvents,
LiF and LisN components were detected at the surface of cycled Li
metal. For the F 1s spectrum, as showed in Fig. S5b (Supporting
information), two distinct peaks of LiF (684.7 eV) and CF groups
(687.1 eV) were observed. The inorganic LiF component was from
the reduction of FEC, which shows stable property during repeated
lithium plating and stripping processes [30,31]. In the spectrum of
N 1s (Fig. S5c in Supporting information), a distinct peak of LizN at
the binding energy of 398.8 eV was clearly observed. It should be
mentioned that the formation of Li3N is one of important effects
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of N(CH3), groups in the Li-MOF framework. Because some Li-
MOF residue was observed on the Li metal after cycling. This phe-
nomenon indicates that Li-MOF peeled off from the PP substrate
during the cell disassembling process due to the strong interaction
between Li metal and Li-MOF. The Li3N can act as a highly con-
ductive and mechanical robust SEI, because it shows an ionic con-
ductivity of 10~3 S/cm [32], and relatively high Young’s modulus
of 150 GPa [33,34]. The distinct advantages of LisN as an SEI com-
ponent have been demonstrated in the previous works [35]. The Li
1s spectrum (Fig. S5d in Supporting information) further confirms
the inorganic components of LiF and Li3N, in which a main peak
at 55.2 eV and a shoulder peak 55.7 eV were detected. To support
the above XPS results, EDS mapping of the cycled Li metal was per-
formed (Fig. S6 in Supporting information). The Li pillars have a
size of several ten micron-meters, the distributions of C, F and N
are almost the same shape of the Li pillars, implying the formation
of LiF, LisN and Li;CO3 on the surface. However, the relative in-
tensities of F and N are much higher than that of C, revealing the
main components of SEI are LiF, Li3N. These results demonstrate
that the SEI layer in PP/Li-MOF separator composed of inorganics
highly conductive and mechanical robust LiF and LisN, which will
help to suppress Li dendrites and uniform the Li* flux at the inter-
face between liquid electrolyte and Li metal (Fig. 4e). Consequently,
not only uniform Li* flux but also stable SEI layer achieved, which
synergistically contributes to stable Li metal anodes.

By summary, to build high performance and dendrite-free Li
metal anode, a multifunctional separator with Li-MOF coating was
prepared to regulate Li* transportation and form stable SEI toward.
The well-defined intrinsic nanochannels in MOF framework and
the steric-hinerance effect both restrict the free migration of an-
ions. As a result, the high Li* transference number suppresses the
dendritic nucleation process. For the dendrite growth process, the
nano-sized channels in MOFs promoted a uniform Li* flux for a
homogeneous Li deposition. Furthermore, a highly stable Li plat-
ing/stripping cycling for more than 1000 h was enabled by the Li-
MOF coated PP separator. In addition, the PP/MOF separator could
also be implemented in NMC811/Li and LCO/Li full cells and an
improvement in the overall electrochemical performance including
long-term cycling stability at high mass loading and excellent rate
performance were achieved. We hope the separator modification
strategy proposed here may provide the same effects to other al-
kali metal anodes (Na, K, Mg, etc.), which will boost the electro-
chemical performance of energy storage devices in portable elec-
tronics and electric vehicles.
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