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With the increasing demand for high energy density energy storage device, Li metal has received inten-
sive attention for its ultrahigh capacity and the lowest redox potential. LiNOs is widely used as electrolyte
additive for ether electrolyte, which can improve the cycle performance of Li metal anode. Compared to
ethers, carbonates are more suitable for Li metal batteries with high voltage cathode because they have
a wider electrochemical window. However, LiNO; performs poor solubility in carbonate electrolyte, re-
stricting its application in high voltage Li battery. Herein, we presented a facile method to introduce
abundant LiNO3 additive to carbonate electrolyte system by introducing LiNO3-PAN es as the interlayer
of the cell. LINO3-PAN es is in sufficient contact with the electrolyte so that it can continuously releases
LiNO;3 to assist the formation of Li;N,0,-rich single nitrogenous component SEI layer on Li surface. With
the help of LiNO3-PAN es, Li metal anode shows excellent cycle stability even at a high current density
of 4mA/cm?, so that the cycle performance of the full cells was significantly improved, whether in the

anode-free Cul|LFP cell or the Li]|[NCM622 cell.
© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Rechargeable lithium ion batteries have been world-widely
used as energy storage devices in electronic vehicles and digital
products [1]. However, the Li-ion batteries are difficult to meet the
increasing demand for high energy density energy storage system
because the capacity of the traditional anode materials is gradually
approaching to its theoretical value [2]. In recent years, metallic
lithium has been revived and is considered as the next generation
anode material due to its high specific capacity (3860 mAh/g) and
the lowest electrochemical reduction potential (—3.04V vs. stan-
dard hydrogen electrode).

Despite the superior properties of Li metal, the uncontrollable Li
dendrite growth during the Li strip/deposit process makes Li metal
anode perform a low coulombic efficiency, leading to the poor cy-
cle performance of the Li metal battery, which restricts the com-
mercialization of the Li metal anode. And the Li dendrite problem
is particularly severe in carbonate-based electrolyte. Various strate-
gies have been developed to suppress Li dendrite growth and im-
prove the cycle stability of Li metal anode. The mainstream strate-
gies for Li anode protection are using lithiophilic conductive host
as current collector [3-5], regulating electrolyte solvent [6-8], and
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constructing stable solid electrolyte interface (SEI) layer on Li sur-
face [9,10], etc. Among these strategies, modifying SEI layer is one
of the most resultful strategies for it is a direct way to homoge-
nize the Li-ion flux on the Li anode surface, which can alleviate
the uneven Li deposition and suppress the growth of Li dendrites
[10-12].

Various strategies have been developed to construct stable SEI
layer on Li metal anode’s surface. The SEI layers are usually mod-
ified by ex-situ reactions with Li metal [13-16], or optimizing
the SEI component with electrolyte additives such as fluoroethy-
lene carbonate (FEC), vinylene carbonate (VC) and LiNO3 [17-20].
Among these electrolyte additives, LINO3; has been considered as
an effective additive in ether-based electrolytes, due to its forma-
tion of stable SEI layer on Li metal anode surface. The SEI layer
is enriched with various of nitrogenous compound LiNxOy (where
LiNxOy refers to any LiNO; reduction products, including Li3N,
LiNO,, and Li;N,0,) [20,21]. However, Li metal batteries should
use the cathode with higher redox potential for achieving a higher
energy density of the full cell, while traditional ether-based elec-
trolyte is difficult to meet the demand due to its narrow electro-
chemical window [22,23] Carbonate electrolytes are electrochem-
ically stable at high voltage, but LiNO3 behaves poor solubility in
carbonates even after the addition of other cosolvents or coordina-
tion dissolution promotors [24,25]. Therefore, exploring the way to
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introduce abundant LiNO3 into carbonate electrolyte is an impor-
tant direction for SEI modification strategy of Li metal anode.

A variety of theoretical models for SEI layer have been pro-
posed, including multilayer model and mosaic model, and the mo-
saic model is by far well accepted and confirmed by various ex-
periments [26-29]. The mosaic structure of SEI layer would lead
to inhomogeneous Lit flux, which cause internal local stress, SEI
rupture on Li anode surface, and eventually leads to Li dendrite
growth. Instead, a homogenous SEI layer can homogenize the Li*
flux, thereby achieving an improvement of the cycle performance
of Li anode. Therefore, the structural uniformity of SEI is more de-
cisive than its mechanical strength [30]. So far, LiNO3; are found
possible to be abundantly introduced into carbonate electrolyte via
a slow-release method, which is simply dispersed LiNO3 on porous
separator [31,32], or absorbed in MOF nanoparticle host and sepa-
rated it into electrolyte [33]. Although these reported strategies is
effective to improve the cycle stability of Li anode, the SEI compo-
nent constructed by LiNOs; are multifold, which is opposite to the
requirement that homogenize the SEI component. And a method
that converts LiNO3 additive into a single SEI component is barely
reported.

Herein, we apply a strategy that allows LiNO3 to be contin-
uously introduced into carbonate electrolyte via a slow-release
design realized by LiNO3-PAN electrospinning (LiNOs-PAN es)
nanowire interlayer (Fig. 1). Using electrospinning technique, LiNO5
additive is abundantly dissolved in PAN electrospinning nanowire
cloth, which is beneficial for contacting with carbonate electrolyte
and continuously releasing LiNO3 into electrolyte to form a sin-
gle LiN,0, nitrogenous SEI on Li surface. Compared with other
LiNO3 addition strategies, this strategy can introduce more LiNO;
than the dissolution promotors strategy and does not require the
use of LiNO3 host with high mass (such as GF separator), which
is more advantageous in terms of the amount of LiNO3 addition
and the energy density of the battery. With the help of LiNOs-
PAN electrospinning nanowire interlayer, the dendrite formation of
Li metal anode was inhibited by Li;N,O,-rich SEI protective layer,
the surface of Li anode can remain stable even when operated at
high current density of 4mA/cm?. This strategy not only provides a
facile way to introduce a large amount of LiNO5 into the carbonate
electrolyte of Li metal batteries, but also discovers that most of the
LiNO5 can be converted to a single nitrogen-containing SEI compo-
nent Li;N,O, when coordinated with PAN. This work demonstrates
the possibility of constructing a single nitrogenous SEI component
Li;N,0, from LiNOs in carbonate electrolyte, which is beneficial

Layered oxide
cathode

Lithium metal
anode

Fig. 1. The schematic diagram of LiNO3-PAN es layer used as the interlayer of Li
metal battery, which can continuously release LiNO; to electrolyte to protect Li
metal anode.
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for improving the homogeneity of the SEI layer and the cycle per-
formance of Li metal batteries.

The LiNO3-PAN es nanowire cloth was synthesized by electro-
spinning technique. 0.5¢g of LiNOs solid particles was dissolved in
10 mL of N,N-dimethylformamide (DMF), and subsequently, 0.5 g of
PAN was added to the solution under vigorous stirring conditions
to form the electrospinning solution. The electrospinning device
we used is Ucalery ET-2535H (Fig. S1 in Supporting information),
which is airtight and able to control the operating temperature and
humidity. The electrospinning process needs to control the envi-
ronment condition to a temperature of 40-45 °C, and a relative hu-
midity below 50%. The electrospinning process was shown in Fig.
S1. 8mL of LiNO3-PAN electrospinning solution was extracted in a
10mL syringe, and assembled on the booster of the electrospin-
ning device. A4 printing paper was attached to the surface of the
metal roller electrospinning collector. An electrostatic positive volt-
age of about +18 kV was applied at the needle of the solution, and
a negative voltage of about —1.5kV was applied at the collector to
fabricate the electrospinning nanowire. The distance between the
collector and the syringe ranged from 18 cm to 25cm, and the ro-
tational speed of the roller collector was 140 r/min. The synthe-
sized LiNO3-PAN es required vacuum drying at 120 °C for 12h to
remove the H,O absorbed on the material during the electrospin-
ning process, preventing the moisture from harming Li battery’s
electrochemical performance. The weight of LiNO3-PAN es inter-
layer is ~2.5 mg/cm?, containing 50 mass% of the LiNO5 additive,
which is equivalent to adding ~12 mol/L of LiNOj3 if the amount of
electrolyte is 100 pL/cm?.

Phase structure was characterized via XRD analysis by Rigaku
DMAX 2200 VPC X-ray diffractometer (Japan) using Cu Ko radia-
tion (A =1.54056 A). Infrared spectra were tested using the attenu-
ated total reflection (ATR) mode of the Thermo Fisher Nicolet iS50
FTIR microscopy. The microcosmic morphology of Li metal anode
surface and LiNO3-PAN es were characterized by SEM (COXEM, EM-
30AX plus, Korea).

Electrochemical measurements were carried out using two elec-
trodes CR2032-type coin cells. Li metal foil was purchased from
China Energy Lithium Co., Ltd. and reserved in Ar glove box (H,O0,
0, < 0.1 ppm). Li metal foil required the removal of the surface ox-
ide layer by scalpel and roll-pressed to a fresh Li foil with a unified
thickness of 0.35-0.40 mm, and finally cut into 11.5mm diameter
(1cm? area) discs preserved as Li metal anode. The electrolyte this
manuscript used was 1mol/L LiPFg in EC/DMC/EMC (vol%: 1:1:1),
and the amount of the electrolyte used in battery is 100 pm. The
cycle performance of cell was tested by LANHE CT2001A battery
test device. The loading mass of LiFePO, cathode in the full cell
test is ~2.9mg/cm?, the loading mass of NCM622 cathode in the
full cell test is ~23 mg/cm?, and the area of cathode is 1.13 cm?2.
The EIS tests were carried out by Autolab electrochemical work
station. The frequency range of EIS test is 100,000Hz to 1Hz, and
the amplitude is £10 mV.

As shown in Fig. 2a, the LiNO3-PAN es interlayer (Fig. 2b) is
synthesized by electrospinning technique. To remove the small
amount of moisture absorbed by LiNO3; during the electrospinning
process, the obtained LiNO3-PAN es is dried at 80°C under vac-
uum for 24h before being used as battery interlayer. As shown
by the SEM image of LiNO3-PAN es in Figs. 2c and d, LiNO3 is
uniformly dispersed in PAN electrospinning nanowires with a di-
ameter of 500-700nm, no crystal or bulk structure is observed.
And the XRD pattern of LiNO3-PAN es (Fig. S2 in Supporting infor-
mation) is consistent with pure PAN’s one, no diffraction peak of
LiNOs3 crystal was observed, which means that the LiNO3 of LiNOs-
PAN es electrospinning nanowires was dissolved in PAN polymer
instead of mixing with PAN polymer.

For characterizing the chemical environment of LiNO3 in the
LiNO3-PAN es interlayer, we perform the infrared spectroscopy (IR)
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Fig. 2. (a) Schematic configurations of the synthesis process of the LiNO;-PAN es. (b) The synthesized LiNO3-PAN es interlayer was 16 mm in diameter. (c, d) The SEM image

of LiNO3-PAN es interlayer cloth.

and XPS tests on the prepared LiNOs;-PAN es and PAN compar-
ing group. Due to the nanostructure of LiNO3-PAN es, it is macro-
scopically opaque and its IR cannot be measured in transmission
mode. Therefore, we use the attenuated total reflection (ATR) mode
to test the electrospinning cloth samples. In the ATR-FTIR spec-
troscopy of LiNO3-PAN es (Fig. S3a in Supporting information), we
can observe an asymmetric stretching vibration peak of C-H bond
of methylene group at 2923cm™!, a stretching vibration peak of
cyan group at 2246cm~!, and a stretching vibration peak of C=C
bond at 1461 cm~'. The C=C bonds observed in these two samples
originate from the conjugated structure formed by the dehydro-
genation and cyclisation reaction of the PAN polymer during the
heating process (the reaction process is shown in Fig. S3b in Sup-
porting information). From the XPS test result, it can be noticed
that the peak at 284.5eV in the C 1s XPS spectra (Fig. S4 in Sup-
porting information) represents sp? C in the sample, and the result
also indicates that LiNO3-PAN es contains more C=C bond struc-
ture compared to normal PAN cloth. The broad peak at 2246 cm~!
represents the crystalline H,0, which is from the absorbed water
during the IR test. Most of the PAN relative peaks in IR spectrum of
LiNO5-PAN es are consistent with the spectrum of pure PAN. The
broad peak of LiNO3-PAN es at 1359.6cm~! represents NO;~, and
the NO3~ peak also observed in N 1s XPS spectra (Fig. S4), indicat-
ing the presence of LiNO3 in LiNO3-PAN es. The peak of C=C bond
in these two samples come from the conjugated structure formed
by the dehydrogenation and cyclization reaction of PAN (Fig. S3b)
during the heating process [34,35]. It is noteworthy that the peak
of the C=C bond in LiNO3-PAN es is red shifted compared with
pure PAN, supposed to be due to the coordination between the Li+
of LiNO3 and the lone pair electrons of the N in the oxidized and
cyclized PAN polymer. The XPS spectra of LiNO;-PAN es (Fig. S4)
also confirm the interaction between LiNO3; and PAN. From the Li
1s spectra, we can learn that the peak of LiNO3; in LiNO3-PAN es
is 55.4eV, which is lower than the standard peak of LiNO3; solid
(55.8eV). The lower binding energy of Li in LiNO3-PAN es should
be attributed to the dissolution of LiNO3 in the PAN and the coor-
dination between Li* and N of PAN.

To evaluate the effectiveness of LiNO3-PAN es as an interlayer
on the cycle performance of the Li metal anode in carbonate elec-
trolyte, we assembled the Li symmetric cells and performed the
cycle test at different current densities. As shown in Fig. 3a, when
operated at a current density of 1mA/cm? and a fixed capacity of
1 mAh/cm?, Li symmetric cell’s overpotential increased during the
cycles, growing from 57.3mV at 20h, to a severe overpotential of
306.2mV at 300h. Instead, the Li symmetric cell with LiNO3-PAN

es performs a lower overpotential (~36.5mV) as well as signifi-
cantly improved cycle performance, which can stably cycle for over
500h. The SEM images of Li anode after cycling (Figs. 3c and d)
also show that, with the help of LiNO3;-PAN es, the surface mor-
phology of Li metal anode was well maintained, no dendrites or
cracks were observed after several cycles. What’s more, even at a
high current density of 4mA/cm?2, the Li anode with LiNO3-PAN es
protection can show improved cycling stability, being able to cy-
cle stably for 120h (Fig. 3b), a cycle life that is much higher than
the comparison group (~60h). It also remains a dendrite-free sur-
face comparing with the blank group (Fig. 3e) after several cycles
at a high current density of 4mA/cm? (Fig. 3f), which proves that
LiNO3-PAN es can effectively improve both the interface stability
and the cycle performance of the Li metal anode.

Through the cycle tests and morphological observation of Li
symmetric cell at different current densities, we found that the in-
troduction of LiNO3-PAN es can stabilize Li metal anode’s surface
and improve its cycle performance. To further investigate the ef-
fect of LiNO3-PAN es on the surface properties of Li metal anode,
we characterized the X-ray photoelectron spectroscopy (XPS) of Li
symmetric cell after cycles. In the Li 1s and N 1s XPS spectra (Figs.
4a and b), signals corresponding to Li;N,0, can be observed when
introducing LiNO3-PAN es interlayer. Fig. 4a shows that the Li 1s
peak of the SEI component on normal Li anode is mainly the signal
of ROCO,Li (54.9eV), which represents the deposition product of
carbonate solvent. And with the help of LiNO;-PAN es, the ROCO,Li
peak decreased, and the newly formed Li-N peak (55.5eV) is com-
parable to the ROCO,Li peak. From the N 1s and O 1s XPS spectra
(Figs. 4b and c), we can also find that, after introducing LiNO3-PAN
es, the content of Li;N,0, (399.5¢eV) on Li anode’s SEI layer is sig-
nificantly increased, which is contributed to the continuous sup-
ply of LiNO3 from the LiNO3-PAN es interlayer. The minor chem-
ical signature of Li;N,0, and LisN on Li surface (Fig. 4b) comes
from the N, in the atmosphere exposed during the XPS sample
transference, which would not affect its comparison with experi-
ment group and the conclusion. In summary, LiNOs in the LiNO3-
PAN es interlayer can release into carbonate electrolyte and form a
single nitrogenous Li;N,0, on Li anode surface as SEI component
to stabilize Li anode’s surface. This is distinct from the currently
reported results of LiNO3 as an electrolyte additive, which pro-
duce multiple reduction products such as Li3N, LiNO,, and Li;N,0,
[31,36]. The single nitrogenous Li;N,0, SEI formed by LiNO3-PAN
es interlayer possesses better uniformity compared with the works
that form multiple nitrogenous components, which can facilitate
the uniform depositing/stripping of Li* on Li metal anode’s surface,
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so as to stabilize the SEI layer and promote the cycle performance
of the Li anode even working at high current density [30].
Besides, the SEI layer constructed by LiNO3-PAN es can also al-
leviate the side reactions between Li metal anode and electrolyte.
From the C 1s XPS spectra (Fig. 4d), we can learn that the SEI layer
of Li metal anode protected by LiNO3-PAN es contains less car-
bonate decomposition products (Li;CO3; and semi-carbonate) com-
pared to the bare Li anode. The peaks of oligomers in the experi-
mental group Li anode are higher compared to the control group,
which may be due to the residual PAN polymer of LiNO3-PAN es on

the Li metal surface. The reduction of carbonate electrolyte-relative
SEI component proves that, the SEI layer reinforced by LiNO3-PAN
es can effectively stabilize Li anode’s surface, alleviate the side re-
action between the Li metal anode and the electrolyte, thereby re-
ducing the consumption of the electrolyte during the battery cycle
and improving the cycle performance of Li metal battery.

To further analyze the interfacial stability of Li metal anode
during cycling, we assembled the Li symmetric cell with LiNOs-
PAN es protection, and performed the electrochemical impedance
spectroscopy (EIS) test after charging/discharging at a current den-
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added.

sity of 1mA/cm? with a fixed capacity of 1mAh/cm? for 20, 50,
and 100 cycles, respectively. The EIS test results are shown in Figs.
4e and f. In the Nyquist diagram of Li symmetric cell, the high-
frequency region corresponds to the Lit migration impedance of
the electrodes (Rsg;), which is determined by the SEI layer on the
surface of Li anode, and the mid- and low-frequency regions cor-
respond to the charge transfer impedance of the electrodes (Rct),
which corresponds to the charge transfer process of the Li anode.
Subsequently, we fitted the EIS results with the artificial circuit
model in Figs. 4e and f, to obtain Rsg; and R of Li anode. The Rgg
of Li symmetric cell during different cycles are shown in Fig. 4g.
When the Li symmetric cell anode operated, the Li anode’s inter-
face impedance Rgg; increases from 5.89 2 at 20 cycles to 8.75 2 at
50 cycles and 14.11  at 100 cycles, which is due to the continuous
growth of Li dendrites and the repetitive fracture and generation of
SEI during charge/discharge process. After introducing LiNO3-PAN
es on Li surface, the Rgg; of Li metal anode did not change signifi-
cantly during the long cycle test, from 1.52 €2 at 20 cycles to 0.62
at 50 cycles and 1.05 2 at 100 cycles. This indicates that with the
assistance of LiNO3-PAN es, a Li;N,0,-rich SEI protective layer was
constructed on Li anode’s surface, so that the stability of the SEI
layer was significantly improved, and the Rsg of Li metal anode
can remain stable during the cycle tests. Li anode with LiNO3-PAN
es protection also performs a lower R (Fig. 4h) during the long cy-
cle tests, which also reveals that when the Li anode is constructed
with the Li;N,0,-rich SEI protective layer, the kinetics of the Li™
deposition reaction of Li metal anode was improved.

From the previous analysis and characterization, we know that
LiNO3-PAN es can promote the cycle performance of Li metal an-
ode by constructing a Li;N,0O,-rich SEI layer to homogenize the
deposition of Lit on Li anode’s surface. To evaluate the effect of
LiNO5-PAN es on Li deposition behavior, we use Cu foil as the cur-
rent collector for Li deposition, and test its electrochemical perfor-
mance. The Li electrodepositing and stripping curve of Li||Cu cell
with LiNO3-PAN es introduced was shown in Fig. 5a. The Li nu-
cleation electrochemical potential of Cu/LiNO3-PAN es at the first
cycle is 98.5mV, and the Li deposition potential is 68.8 mV, which
is much lower than the bare Cu current collector’s Li nucleation
potential (348.1mV) and deposition potential (127.1 mV), indicat-

ing that the nanostructure of LiNO3-PAN es can homogenize the
Li* flux and decrease the energy barrier of Li nucleation and de-
position. The Li||Cu cycle test (Fig. 5b) shows that, although the
coulombic efficiency (CE) of the Cu/LiNO3-PAN current collector
has not reached a practical value (>99%), it also has a clear im-
provement compared with ordinary Cu foil in the early stage of
the cycles. It is presumed that the inferior cycle performance en-
hancement of LiNO3-PAN es in the Li||Cu cell compared to the Li
symmetric cell is because LiNO3-PAN es need to contact with Li
metal to form a Li;N,0,-rich SEI protective layer. However, there
is no Li metal on Cu foil’s surface to react initially, and the newly
deposited Li tends to form Li dendrites, so that the released LiNO;
is difficult to construct a stable SEI protective layer on the Cu cur-
rent collector.

To evaluate the effect of LiNO3-PAN es on the performance of
lithium metal battery, we used Li metal anode and Cu foil cur-
rent collector as anode, to assemble Li metal battery and perform
the cycle tests. Due to the unsatisfactory performance of the pre-
viously tested Cul|Li cell, we use the LiFePO4 cathode with a low
loading mass (2.9 mg/cm?) for the cycle performance test. The cy-
cle performance of the anode-free Cu||LiFePO,4 full cell using a Cu
foil current collector modified with LiNO3-PAN es is shown in Fig.
5c, which was tested at a C-rate of 0.5 C, corresponding to a cur-
rent density of 0.232mA/cm?2. Since this is an anode-free system,
the Li metal of the anode comes from the Li* that released dur-
ing the charging (delithiation) process of the LiFePO,4, and the cy-
cle performance of the LiFePO,4 cathode is much better than Cu
foil anode for Li deposition reaction. Therefore, the cycle perfor-
mance of the Cul|LiFePO,4 system is mainly depends on the CE of
the Li deposit/strip reaction of the Cu foil anode. The cycle perfor-
mance result (Fig. 5¢) shows that, after introducing LiNO3-PAN es
interlayer, the average CE of the full cell in the initial 50 cycles is
99.38%, much higher than the comparing group (97.15%). The well-
improved cycle stability of Cu||LiFePO4 cell caused by LiNO3-PAN
es can maintain for about 60 cycles, while the cycle performance
of the control group was less satisfactory from the beginning of
the operation, resulting in a rapid decay of the battery capacity.
In conclusion, with the help of LiNO3-PAN es, the Li strip/deposit
CE of the Cu foil current collector was significantly improved, so



K. Peng, X. Wang and X. Yan

that the cycle performance of Cu||LiFePO,4 full cell was effectively
enhanced as well.

Subsequently, we test the cycle performance of Li||[NCM622 cell
to evaluate the positive effect of LiNO3-PAN es on the Li metal
battery full cell. Since the LiNO3-PAN es can significantly improve
the cycle stability of Li metal anode even operated at high cur-
rent density, we used a high loading mass (23 mg/cm?) NCM622
electrode as cathode of the full cell and cycled at C-rate of 0.2C
and 0.5C, which corresponds to a current density of 0.8 mA/cm?
and 2mA/cm?, respectively. The results are shown in Figs. 5d and
e. When Li|[NCM622 with LiNO3-PAN es introduced was operated
at a rate of 0.2C, its specific capacity decreased from 170 mAh/g
to 121 mAh/g with a capacity retention of 71.2% after 160 cycles;
when operated at a rate of 0.5C, its specific capacity decreased
from 155 mAh/g to 118 mAh/g with a capacity retention of 76.1% af-
ter 100 cycles, both of which are better than the comparing group.
These results prove that the cycle performance of Li || NCM622 full
cells is significantly improved after the introduction of LiNO3-PAN
es interlayer due to the stable SEI protective layer formed on the
Li anode surface.

In conclusion, LiNO3-PAN es can effectively improve the cycle
performance of Li metal battery using Cu current collector and Li
metal as anode, and shows good practical value as a LiNO3 slow-
release interlayer in high-voltage full cell using carbonates elec-
trolyte.

In summary, we have reported a LiNO3-PAN nanowire cloth
(LiNO3-PAN es), which can be used as LiNOs; slow-release inter-
layer in Li metal battery to overcome the disadvantage of low sol-
ubility of LiNO3 in carbonate and improve the cycle performance of
Li anode. LiNO3-PAN es is fabricated by electrospinning technique,
which is a membrane composed of nanowires of LiNO5 dissolved
in PAN polymer with a mass ratio of 1:1. By introducing LiNOs-
PAN es on Li metal anode’s surface, the cycle performance of Li
symmetric cell is significantly improved, even when operated at
a high current density of 4mA/cm?, which contributes to the for-
mation of a single nitrogenous component Li;N,0, SEI layer on Li
anode’s surface. Such a homogeneous SEI layer can facilitate the
uniform deposition of Li* and improve the cycle performance of
Li anode. In the full cell test, whether Li metal or Cu foil is used
as the anode of the battery, LiNO3-PAN es can also effectively en-
hance the cycle performance of the full cell operated in carbonate
electrolyte by enhancing the cycle performance of the anode. This
work presents a facile and effective method to introduce abundant
LiNO3 into carbonate electrolyte to improve the cycle performance
of Li anode.
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