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a b s t r a c t

Polyethylene oxide (PEO)-based solid-state polymer electrolytes (SPEs) are limited by their poor cyclic sta-

bility and inferior ionic conductivity for applicating in high-safety, long-cycling and high-energy-density

lithium metal batteries. Herein, porous boron nitride nanofibers (BNNFs) are filled into PEO-based SPE,

which significantly suppresses Li dendrites growth and enhances the electrochemical performance of Li

metal battery. BNNFs with high porosity have more active sites to connect with PEO, which can effec-

tively reduce the crystallinity of the PEO matrix and enhance its ionic conductivity. Moreover, owing to

the hardness and good stability of BNNFs, BNNFs/PEO/LiTFSI electrolyte exhibits a wider electrochemical

window, better mechanical property and higher thermal stability compared with PEO/LiTFSI electrolyte.

Consequently, the Li symmetric cell composed of 1% BNNFs/PEO/LiTFSI performs good cyclic stability

(>1800h), and the Li||1% BNNFs/PEO/LiTFSI||LFP full battery shows obviously improved performances in

charge-discharge polarization voltage, discharge specific capacity, rate performance and cyclic stability

than the Li||PEO/LiTFSI||LFP battery.

© 2024 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Recent decades have witnessed the rise and prosperity of elec-

tric vehicles and numerous electronic devices. As a promising

approach for electricity storage, rechargeable Li metal batteries

are earning increased attention due to the high theoretical spe-

cific capacity (3860 mAh/g) and the lowest electrochemical poten-

tial (−3.04V versus standard hydrogen electrode) of the metallic

lithium anode [1,2]. However, the practical application of Li metal

batteries is hindered by several fatal safety issues: short circuits

of battery and fire of flammable electrolyte which are caused by

the growth of Li dendrites [3–5]. Applying solid-state electrolytes

(SSEs) to replace the conventional flammable liquid electrolyte is a

promising strategy to solve this problem, which can not only phys-

ically hinder the dendrites growth of Li metal anode but also pre-

vent the side effects of electrolyte and electrode [6,7].

Ideal SSEs must be non-flammable and mechanically rigid

while exhibiting comparable or even superior ionic conductivity

compared to liquid electrolytes. Inorganic SSEs have excellent
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mechanically rigid and relatively high ionic conductivity (10−3–

10−4 S/cm) but suffer from insufficient compatibility with the

electrode [8–12]. On the contrary, permeable and processible

organic polymer SSEs show remarkable interfacial stability, making

them promising materials for replacing liquid electrolytes [13,14].

With high dielectric constant and favorable Li ions solvation, while

having low cost and lightweight, polyethylene oxide (PEO) was

demonstrated as an outstanding polymer matrix [15–17]. However,

the poor mechanical strength and thermal stability of the PEO-

based SPEs severely restricted their effectiveness of suppressing

the growth of Li dendrite. In addition, the insufficiency of ionic

conductivity, low lithium ions transference number (tLi+ ), and

narrow electrochemical window are other problems yet to be

addressed [18–20]. Adding Li ion conductors such as Li7La3Zr2O12

(LLZO), Li3xLa2/3−xTiO3 (LLTO), and Li1.5Al0.5Ge1.5(PO4)3 (LAGP) into

the SPEs system to introduce additional transference of Li ion is

an efficient method to improve the electrochemical performance

[21–24]. However, this method significantly increases the cost

of the battery and impedes the large-scale application of PEO-

based SPEs. Blending inorganic additives which are passive for

Li+ conduction, such as SiO2, TiO2, and Al2O3 has been proven

another effective improving strategy. These passive inorganic fillers
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as reinforcements can provide interfaces to promote the ionic

transfer and also improve the physical and mechanical properties

of PEO-based SPEs [25–27]. However, as of today, the performance

of these passive inorganic fillers still cannot meet the demands for

practical application. So it is still urgent to explore new passive

inorganic fillers with better performance and higher cost efficiency.

Hexagonal boron nitride (h-BN) materials with graphene-like

structure and marvelous mechanical strength [28] show great po-

tential as passive inorganic fillers for SPEs. h-BN materials are elec-

trical insulator inherently, due to the partially ionic properties and

unique orbital properties of their B-N bonds, and have excellent

thermal and electrochemical stability [29,30]. Notably, the Lewis

acid feature of B atoms in boron nitride (BN) plays the role of an

anchor point to draw anions and promote the interaction of Lewis

acid and Lewis base, thereby inducing the dissociation and uniform

distribution of Li+ and improving the electrochemical performance

of additive-filled SPEs. However, although there are a few studies

demonstrating that adding BN leads to the increase of ionic con-

ductivity and the strength of electrolyte, which contributes to the

improvement of battery efficiency [31–33], effects of BN on inhibit-

ing the growth of Li dendrites and enhancing the cyclic stability of

Li metal batteries are not satisfactory. Therefore, it is necessary to

develop novel boron nitride fillers with better Li dendrites inhibi-

tion properties to make up for the deficiency.

In this work, porous boron nitride nanofibers (BNNFs) as novel

filler were added into PEO/LiTFSI to enhance the properties of PEO-

based SPEs. The BNNFs/PEO/LiTFSI with the optimized amount of

filled BNNFs (1 wt%) shows the best performance with high ionic

conductivity, wide electrochemical window, large Li-ion transfer-

ence number, efficient Li dendrite suppression and excellent cyclic

stability of Li symmetric cell (>1800h). Owing to their micro-

porous/mesoporous structure and higher specific surface area of

BNNFs, they can be linked with PEO more closely to effectively

reduce the crystallinity of PEO as well as improve the mechan-

ical properties and thermal stability of the PEO matrix. In addi-

tion, Li||1% BNNFs/PEO/LiTFSI||LFP full battery shows lower charge-

discharge polarization voltage, higher discharge specific capacity,

better rate performance and cyclic stability. Therefore, BNNFs have

been demonstrated as an ideal filler for the modification of PEO-

based SPEs to improve Li metal batteries performance.

BNNFs were characterized in detail to reveal their physicochem-

ical properties. The obvious B-N stretching vibration (∼1370 cm−1)

and B-N-B bending vibration (∼790 cm−1) in FT-IR spectrum (Fig.

S1 in Supporting information) prove the successful synthesis of

h-BN [30,34]. In addition, the -OH and -NH2 stretching vibration

peaks at ∼3000 cm−1 to ∼4000 cm−1 indicate numerous active

groups on the surface of BNNFs [35], which can facilitate their

combination with the PEO matrix. In the XRD pattern (Fig. S2

in Supporting information), the large broadening diffraction peaks

corresponding to the (002), (100), and (101) planes of h-BN infer

the small crystal grains and relatively low crystallinity of BNNFs

[36]. The SEM image in Fig. S3 (Supporting information) presents a

uniformly fibrous morphology of the prepared BNNFs with a large

aspect ratio. TEM image (Fig. S4 in Supporting information) fur-

ther confirmed the fibrous morphology of BNNFs with a diameter

of about 300nm. A considerable number of bright spots on fibers

can be attributed to the pore structure of BNNFs. The inset high-

resolution TEM image, combined with the XRD pattern, further

verifies the low crystallinity of BNNFs. Lots of CO, NH3, N2 and H2O

gaseous molecules were generated in the pyrolysis process of M·B2

precursor. These small molecules would escape from the precur-

sor matrix, resulting in a rich porous structure and a large specific

surface area of as-prepared BNNFs [37]. In order to acquire pre-

cise properties on the pore structure of BNNFs, an N2 adsorption-

desorption test was carried out and the result is shown in Fig. S5

(Supporting information). An I-type isotherm with an H4-type hys-

Fig. 1. (a) Schematic diagram of the preparation process of PEO-based SPEs, SEM

images of (b, c) PEO/LiTFSI and (d, e) 1% BNNFs/PEO/LiTFSI, (f) XRD patterns and (g)

FT-IR spectra of PEO/LiTFSI and 1% BNNFs/PEO/LiTFSI.

teresis loop demonstrates the existence of high-density nanopores

in the sample [38]. The specific surface area calculated by the BET

method is 1036 m2/g, illustrating an eminently large specific sur-

face area of BNNFs. The pore size distribution is mainly microp-

ores below 2nm and mesoporous pores around 4nm, calculated

by the DFT method shown in Fig. S6 (Supporting information). The

porosity of BNNFs may significantly affect the electrochemical per-

formance of the BNNFs-filled PEO-based SPEs.

The PEO-based SPEs were prepared by the solvent casting

method and the schematic diagram of the preparation process is

shown in Fig. 1a. The thickness of the obtained PEO-based SPEs is

about 160μm. Wrinkles on the surface of PEO/LiTFSI (Fig. 1b) and

1% BNNFs/PEO/LiTFSI (Fig. 1d) are observed on high-magnification

SEM images, due to the intrinsic properties of PEO [33]. Observed

at lower magnification, the PEO/LiTFSI is composed of multiple

grains with a diameter of about 50μm that are connected rele-

vantly (Fig. 1c). There are grooves and grain boundaries between

the grains, indicating that the crystallinity of PEO/LiTFSI is rela-

tively high. On the contrary, 1% BNNFs/PEO/LiTFSI do not include

obvious grain structure, and the surface was relatively smooth

and uniform (Fig. 1e), indicating that adding BNNFs optimized the

structure of the PEO-based SPEs. The XRD patterns of PEO/LiTFSI

and 1% BNNFs/PEO/LiTFSI (Fig. 1f) are very similar, mainly PEO and

LiTFSI diffraction peaks [39,40]. The introduced 1% BNNFs show no

apparent diffraction peak and no noticeable effect on the XRD pat-

tern of PEO/LiTFSI, mainly due to the small amount and the low

crystallinity of BNNFs. The FT-IR spectra of PEO/LiTFSI and 1% BN-

NFs/PEO/LiTFSI in Fig. 1g show almost overlapped profiles with ab-

sorption peaks mainly attributed to the vibration of PEO and LiTFSI
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Fig. 2. (a) EIS plots of 1% BNNFs/PEO/LiTFSI at different temperatures. (b) Ionic conductivity versus temperature, and (c) LSV of PEO-based SPEs with different BNNFs

additions. (d, e) Chronoamperometry curves of PEO/LiTFSI and 1% BNNFs/PEO/LiTFSI, the inset is the EIS plots before and after the test. (f) Galvanostatic deposition/stripping

voltage profiles of Li||Li symmetric cells assembled by PEO/LiTFSI and 1% BNNFs/PEO/LiTFSI at 0.1mA/cm2 and (g) amplified voltage profiles at 50, 100, and 1800 h.

[41]. The B-N vibration peaks at ∼1370 cm−1 and ∼790 cm−1 are

slightly stronger in 1% BNNFs/PEO/LiTFSI than those in PEO/LiTFSI,

due to the addition of 1% BNNFs.

Fig. 2a is the Nyquist plots of 1% BNNFs/PEO/LiTFSI at different

temperatures. The intrinsic resistance at 30–60 °C was deduced to

be 757.60, 259.27, 68.75, and 21.02 �, respectively. The ionic con-

ductivity of PEO-based SPEs was calculated from the electrical re-

sistance, the thickness of SPEs, and the effective contact area be-

tween the electrolyte and the electrode. In order to explore the

optimal addition amount of BNNFs, PEO-based SPEs with 0.5%, 1%,

and 1.5% BNNFs were prepared, respectively, and their ionic con-

ductivities were tested. As shown in Fig. 2b, the ionic conductivity

of PEO/LiTFSI at 30 °C is 6.24× 10−6 S/cm. The ionic conductivity

gradually increases with increasing temperature and reaches 3.75×
10−4 S/cm at 60 °C. The ionic conductivity at 30–60 °C was only

slightly higher when 0.5% BNNFs were added into PEO/LiTFSI, but

was significantly improved with 1% BNNFs added. It reaches 1.31×
10−5 S/cm at 30 °C and 5.05× 10−4 S/cm at 60 °C. The more ob-

vious increase of ionic conductivity at room temperature may be

attributed to the porosity and higher specific surface area of BN-

NFs, which facilitate its cross-link with PEO to effectively reduce

the crystallinity of the PEO matrix. However, the ionic conductivity

of BNNFs/PEO/LiTFSI decreased when the addition amount of BN-

NFs was further increased to 1.5%, indicating that 1% BNNFs was

the optimized addition amount in this system. When the addition

amount was too small, it had negligible effect on the PEO ma-

trix and its ionic conductivity. On the contrary, when the addi-

tive amount increases to 1.5%, the agglomeration and sedimenta-

tion of BNNFs may occur and have negative impacts on the ionic

conductivity [16]. According to the classical Arrhenius equation

σ (T)=Aexp(-Ea/RT), the activation energy Ea of PEO-based SPEs

can be calculated from the relationship between the ionic conduc-

tivity σ and the corresponding temperature in Fig. 2b, where T is

the absolute temperature, A is the pre-exponential factor and R is

the molar gas constant [41–43]. When 1% BNNFs were added, the

Ea of PEO-based SPEs was 0.49 eV, which was smaller than that

without BNNFs (0.54 eV). The lower the Ea, the faster ions migrate.

Therefore, the ion mobility of 1% BNNFs/PEO/LiTFSI is higher than

that of PEO/LiTFSI. In addition, Figs. 2d and e show the chronoam-

perometry curves of PEO/LiTFSI and 1% BNNFs/PEO/LiTFSI, respec-

tively; the insets are the EIS plots before and after the test. The

calculated Li ion transference number (tLi+ ) of PEO/LiTFSI is 0.17,

and for 1% BNNFs/PEO/LiTFSI is 0.18. It was found that the inter-

action between the BNNFs surface and PEO can promote the local

relaxation and chain segment motion of Li+. On the other hand,

BNNFs may also interact with LiTFSI, making LiTFSI more prone to

dissociation, increasing the proportion of free Li+, and improving

Li+ mobility [31].

Fig. 2c shows the LSV of PEO-based SPEs with various amounts

of BNNFs additions. PEO/LiTFSI will undergo oxidative degradation

when the voltage is greater than 3.75V [44], while the current of

PEO-based SPEs with different addition amounts of BNNFs did not

climb until the voltage was higher than 4.75V, indicating a sig-

nificant expansion of the electrochemical stability window. Due to

the excellent electrochemical stability, BNNFs can effectively re-

duce the degree of anion oxidation at high potential, therefore

PEO-based SPEs with BNNFs addition can meet the requirements

of most high-voltage Li batteries.

Evaluating the stability of Li||Li symmetric cells composed of

SPEs during galvanostatic charge-discharge (GCD) is of great sig-

nificance to examining the long cycle life of the batteries. Dur-

ing the repeated deposition/stripping of Li on the surface of the

Li metal, the uneven deposition/stripping of metallic Li will induce

the growth of Li dendrites, which will pierce the SPEs membrane

eventually and short-circuit the battery. Fig. 2f shows the galvanos-

tatic deposition/stripping voltage profiles of PEO/LiTFSI and 1% BN-

NFs/PEO/LiTFSI composed Li||Li symmetric cells at a current den-

sity of 0.1mA/cm2 and a specific capacity of 0.1 mAh/cm2. The

PEO/LiTFSI symmetric cell experienced an obvious short circuit af-

ter about 270h, while the 1% BNNFs/PEO/LiTFSI symmetric cell

cycled stably for more than 1800 h. The ionic conductivity and

symmetric cell cyclic stability of 1% BNNFs/PEO/LiTFSI compared

3
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Fig. 3. (a) Stress–strain curves, (b) Young’s modulus and tensile strength, (c) TG curves of PEO-based SPEs with different amounts of BNNFs additions. (d) Photos of heating

experiment of PEO/LiTFSI and 1% BNNFs/PEO/LiTFSI in the air at 25–150 °C and (e) DSC curves of PEO-based SPEs with different amounts of BNNFs additions.

to those of other inorganic filler enhanced PEO-based SPEs are

shown in Table S1 (Supporting information). The amplified volt-

age profiles (Fig. 2g) show a much smaller overpotential of the

1% BNNFs/PEO/LiTFSI symmetric cell of 126mV than that of the

PEO/LiTFSI symmetric cell of 320mV, after cycling for 50 h. Low

polarization implies a small energy barrier for Li-ion nucleation,

which is conducive to relatively uniform deposition [45]. In de-

tail, the amplified voltage profile of the PEO/LiTFSI symmetrical cell

fluctuates irregularly after cycling for 100h, which can be generally

attributed to the Li dendrites caused micro-short circuit. This phe-

nomenon indicates that the PEO/LiTFSI symmetric cell become in-

stable since 100h, and totally disabled at 270 h. As comparison,

the amplified voltage profile of 1% BNNFs/PEO/LiTFSI symmetric

cell still shows a stable and low overpotential (172mV) even after

1800h, demonstrating excellent effects of the addition of 1% BN-

NFs on strengthening PEO-based SPEs and inhibiting the growth of

Li dendrites.

In order to further verify the inhibition of PEO-based SPEs with

BNNFs addition on the growth of Li dendrite, postmortem analysis

of symmetric cells after 50 cycles was carried out. The surface mor-

phology of Li metal was observed by SEM (Fig. S7 in Supporting

information). Compared with the original smooth Li metal surface

prior the cycle, a large number of cracks and protrusions appeared

on the Li electrode surface of the PEO/LiTFSI assembled Li sym-

metric cell after 50 cycles (Fig. S7a). In contrast, the Li electrode

surface of Li symmetric cell assembled with 1% BNNFs/PEO/LiTFSI

has less roughness (Fig. S7b). So it was confirmed that the addi-

tion of 1% BNNFs in PEO-based SPEs was beneficial to prevent the

growth of Li dendrites.

The mechanical properties of SPEs in Li metal batteries are very

important since only the SPEs membrane with sufficient strength

(high Young’s modulus) can inhibit the growth of Li dendrites dur-

ing the repeated deposition/stripping of Li metal on the electrode

surface. Here, the strain–stress curves of PEO-based SPEs were ob-

tained by uniaxial tensile test, and Young’s modulus and tensile

strength were calculated. As shown in Figs. 3a and b, the elonga-

tion at break, Young’s modulus, and tensile strength of the sam-

ples all increased first and then decreased as the addition of BN-

NFs increased from 0% to 1.5%. 1% BNNFs/PEO/LiTFSI exhibited the

best mechanical properties among all samples, which is consis-

tent with the changing trend of ionic conductivity. Compared with

PEO/LiTFSI, Young’s modulus (0.02GPa) of 1% BNNFs/PEO/LiTFSI is

twice that of PEO/LiTFSI (0.01GPa), and its tensile strength is also

0.51MPa higher than that of PEO/LiTFSI. Since Young’s modulus is

a direct reflection of hardness and tensile strength, represents the

amount of stress the samples can bear before breaking, PEO-based

SPEs with BNNFs addition with better mechanical properties can

effectively inhibit the growth of Li dendrites and the puncture of

the electrolyte membrane [46,47]. It is well accepted that adding

inorganic filler helps PEO intertwine and cross-link with its sur-

face. Due to their microporous/mesoporous structure and high spe-

cific surface area, BNNFs provide more physical cross-linking cen-

ters than other inorganic filler, which makes the cross-linking more

intense, and mechanical properties of PEO-based SPEs with BNNFs

addition better.

In addition to mechanical properties, thermal stability is also

crucial for the safety of SPEs in Li-metal batteries. Fig. 3c shows

the TG curves of PEO-based SPEs with different amounts of BN-

NFs additions in air, all samples with BNNFs additive acquire en-

hanced thermal stability compared with PEO/LiTFSI, and 1% BN-

NFs/PEO/LiTFSI exhibits superior performance among them. Obvi-

ous weight loss of the PEO-based SPEs can be observed when

the temperature exceeds 200 °C, until 500 °C. Compared to the

PEO/LiTFSI without BNNFs whose mass decreases rapidly with the

increase in temperature, the addition of BNNFs can significantly

enhance the thermal stability of PEO-based SPEs and delay the

temperature at which weight loss occurs, especially the decompo-

sition of PEO at about 250 °C [48]. The magnified TG curves be-

tween 150 °C and 350 °C are shown in Fig. S8 (Supporting informa-

tion). The photos of the heating experiment of PEO/LiTFSI and 1%

BNNFs/PEO/LiTFSI membranes in the air at different temperatures

are shown in Fig. 3d. The PEO/LiTFSI membrane experienced a cer-

tain volume shrinkage at 75 °C and became partially translucent

(a typical sign for the softening and melting of PEO) at 100 °C. As
comparison, the color and state of the 1% BNNFs/PEO/LiTFSI mem-

brane did not change until 125 °C, and there was no volume shrink-

age in the whole test temperature range. The prominent heat con-

ductivity and thermal stability of BNNFs are conducive to the ther-

mal stability of PEO-based SPEs and Li metal batteries composed

of PEO-based SPEs [39].

The crystallinity and internal fragment disorder of a polymer

can be assessed from its DSC results. As shown in Fig. 3e, the

glass transition temperature (Tg) of PEO-based SPEs decreases sig-

nificantly from −47.36 °C of PEO/LiTFSI to −56.69 °C of 1% BN-

NFs/PEO/LiTFSI, and the melting temperature (Tm) also drops

slightly from 49.10 °C to 48.28 °C. Although no significant changes

are seen in XRD patterns, the more sensitive DSC results illus-

trate that the addition of 1% BNNFs reduces the crystallinity of
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Fig. 4. Charge-discharge curves of (a) Li||PEO/LiTFSI||LFP and (b) Li||1% BN-

NFs/PEO/LiTFSI||LFP at the 1st, 10th, 20th, and 100th cycles. (c) Rate capacity, and

(d) cyclic stability of Li||PEO/LiTFSI||LFP and Li||1% BNNFs/PEO/LiTFSI||LFP at 60 °C
and 0.1 A/g.

the PEO/LiTFSI hybrid matrix and promotes its chain activity which

makes Li ions movement easier in the electrolyte, thus improving

the ionic conductivity of PEO-based SPEs [49].

To evaluate the electrochemical performance of PEO-based SPEs

in full batteries, asymmetric Swagelok cells with Li metal an-

ode and LiFePO4 cathode were assembled and tested. Figs. 4a

and b show charge and discharge curves of Li||PEO/LiTFSI||LFP

and Li||1% BNNFs/PEO/LiTFSI||LFP from 2.5V to 3.8V at the 1st,

10th, 20th and 100th cycle, respectively. The charge-discharge reac-

tion curves of the two full batteries are consistent with the typ-

ical curve of lithium metal batteries with LiFePO4 cathode [23].

The voltage gap between charge/discharge voltage platforms of

Li||1% BNNFs/PEO/LiTFSI||LFP is significantly smaller than that of

Li||PEO/LiTFSI||LFP, indicating that the 1% BNNFs/PEO/LiTFSI elec-

trolyte provides a higher Li+ mobility and a stable interface be-

tween electrolyte and electrode [50]. After 10 cycles, the voltage

gaps of the two full batteries decrease slightly and remain stable

for a period. After 100 cycles, the voltage gap between charge and

discharge voltage platform of Li||PEO/LiTFSI||LFP increases signifi-

cantly while that of Li||1% BNNFs/PEO/LiTFSI||LFP increases slightly

compared with that after 10 cycles, indicating no obvious polariza-

tion on 1% BNNFs/PEO/LiTFSI electrolyte/electrode interface and its

excellent electrochemical stability.

Fig. 4c shows the rate performance of full batteries at dif-

ferent current densities from 0.1 C to 0.5 C. The discharge

capacity of Li||1% BNNFs/PEO/LiTFSI||LFP is higher than that of

Li||PEO/LiTFSI||LFP at all current densities, especially at higher

current density. The excellent rate performance is attributed to not

only the higher ionic conductivity of 1% BNNFs/PEO/LiTFSI, but also

the stability of the interface between 1% BNNFs/PEO/LiTFSI and

the electrode. Furthermore, cyclic stability is another important

parameter to evaluate its applicability in practical applications.

Therefore, the cyclic stability of two full batteries was further eval-

uated by GCD at 0.1 A/g. As shown in Fig. 4d, the discharge specific

capacities of PEO/LiTFSI and 1% BNNFs/PEO/LiTFSI are 117.53 and

120.05 mAh/g, respectively, in the first cycle. During the first 10

cycles, they gradually increase to 127.74 and 133.36 mAh/g, respec-

tively, corresponding to the activation of LFP. Thereafter, discharge

specific capacities of both full batteries remain relatively stable

and decreased slightly. After 100 cycles, the discharge specific ca-

pacity of PEO/LiTFSI and 1% BNNFs/PEO/LiTFSI batteries remain at

115.77 and 122.83 mAh/g, respectively, and their capacity retention

are 90.63% and 92.11% of the highest capacity. The performance

of 1% BNNFs/PEO/LiTFSI is better than that of PEO/LiTFSI in terms

of discharge specific capacity and cyclic stability. Considering that

the two full batteries are composed of the same components

except for the BNNFs filler, therefore the different electrochemical

properties can be attributed to the enhanced Li+ transport in the

PEO-based SPEs and electrode/electrolyte interface stability by the

addition of BNNFs.

In summary, porous BNNFs were added as a filler into PEO-

based SPE to enhance the ionic conductivity and suppress Li den-

drites. Benefiting from the microporous/mesoporous structure, the

porous BNNFs filler can form more crosslinks with the PEO matrix

to effectively reduce its crystallinity and enhance its ionic conduc-

tivity. Coupled with the excellent hardness and thermal conductiv-

ity of BNNFs, the PEO-based SPE filled with porous BNNFs exhib-

ited better mechanical property and higher thermal stability than

the original PEO/LiTFSI electrolyte. Therefore, the Li symmetric cell

composed of 1% BNNFs/PEO/LiTFSI could cycle stably for more than

1800h, and the Li||1% BNNFs/PEO/LiTFSI||LFP full battery exhibited

a smaller charge–discharge polarization voltage, a higher discharge

specific capacity, better rate performance and cyclic stability than

the Li||PEO/LiTFSI||LFP full battery. Taking porous BNNFs as filler for

PEO-based SPEs may provide an inspirational spark for the devel-

opment of organic SPEs in Li metal batteries.
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