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A novel and facile in-situ soft-templated method is proposed
for synthesizing LFP/mesoporous carbon nanosheets
(LFP/meso-CNSs) nanocomposite, which involves solvent
evaporation induced self-assembly of triblock copolymers,
with resol and inorganic as co-precursor of CNSs and LFP,
followed by heat treatment. The LFP/meso-CNSs
nanocomposite displays an excellent high-rate capability
(122.1mA h/g at 5 C and 102.1 mA h/g at 10 C) and stable
cycling property as the cathode material of lithium ion
batteries, benefitting from its high electronic conductivity,
open mesoporosity, and the nano-size of its active material.

Introduction

The growing environmental issues combined with fast depletion
of fossil fuels, make the searching for energy storage and
conversion devices with high efficiency and low emissions more
and more imperative. Because of their relatively high operational
voltage, high energy density and long cycle life, rechargeable
lithium ion batteries (LIBs) are considered to be one of the most
promising candidates, however, there still exist some challenges
before their future practical applications in electric vehicles (EVs)
and large-scale energy storage.’® Among the various types of
cathode materials, olivine lithium iron phosphate (LiFePO,, LFP)
has attracted more and more attention owing to its many
significant advantages, including the high theoretical capacity
(170 mAhg ™), long cyclability, low toxicity, low cost and high
safety.

Although appealing and promising, there remain a number of
challenging problems in LFP to be resolved before its widespread
commercialization. Both the low intrinsic electrical conductivity
(10 ~ 10 S/cm) and low lithium-ion diffusivity (10" S/cm)
greatly restrict the power performance of LFP™. In the past
decade, intensive efforts have been devoted to improve the
electrical conductivity and lithium-ion diffusivity of LFP by
minimizing its particle size,>’ coating LFP with electronically
conductive materials,>*° customizing particle morphologies,**™
and aliovalent-cation substitution**°. More specifically, the
electronic conductivity of LFP can be generally improved by
being coated with conductive materials or doped with supervalent
cations.?® However, it is hard to achieve uniform surface coating
and intra-doping in crystal.??® In addition, although the lithium-
ion diffusivity can be improved by tailoring the particle size to
the nanoscale, the fabrication of nanoparticles is difficult under a
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high temperature process that is needed to obtain a high
crystallinity. Moreover, the as-obtained nanoparticles possess
interfacial energy and are consequently prone to
agglomerate, which severely offsets their merits.?* Therefore, it is
very important to design new and effective hierarchical
architectures to avoid detrimental influences on the practical
applications of LFP in LIBs.®

Recently, it was reported that mesoporous carbon-based
composite materials with hierarchical structures, high specific
surface area and high porosity could improve the electrochemical
performance of electrode materials.®2 This was attributed to the
fact that the active materials were well dispersed and no
agglomeration formed, thus shortening the diffusion path length
of lithium ions and maximizing the interfacial contact between
the electrolyte and the active material. Moreover, the use of
mesoporous carbon as the conductive and porous matrix could
offer a three-dimensional (3D) conductive network for L1Bs.?

So far, the study on mesoporous carbon-based composites as
the anode material has been extensively carried out, including
those containing Si,*® C0304,%'Mn0,% * Mo00,* Sn0,*
TiOp® ¥ and LisTisO1.® Cao et al. synthesized Li,TisOy/
mesoporous carbon nanocomposite by the nanocasting technique
using the porous carbon material CMK-3 as a hard template.*
The conductive carbon network, ordered mesoporous structure
and small nanocrystallites increase the ionic and electronic
conduction throughout the electrode, and thus exhibited an
improved electrochemical performance compared with bulk
LisTisOyy, i.€., 161.7 vs. 142.3 mAh/g at a rate of 0.2C. Zhou et al.
reported a mesoporous carbon-silica-titania material using the
tetra-constituents co-assembly method, and the composite
material anode exhibited a high capacity of 875 mAh/g and a
high initial efficiency of 56%.%

Unfortunately, the wuse of mesoporous carbon based
composites as the cathode material of LIBs has rarely been
reported, and this is owing to the fact that the heat treatment at a
high temperature, a necessary step for the synthesis of cathode
materials, could cause large grains of crystallites which may
eventually destroy the nanoporous structure.**** Xia et al.
successfully prepared well-ordered mesoporous spinel-structured
LiMn,04 using the mesoporous silica KIT-6 as the template, and
the cathode made of the as-obtained mesoporous LiMn,0,
maintained 94% of its initial capacity after 500 cycles and kept

0 80% of its reversible capacity at 0.1C rate, even at 5C rate.*

FePO, loaded on large mesoporous carbon by Yang et al.
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possessed excellent electrical conductivity, unique 3D porous
structure, ultrahigh surface area, and other advantages.”® Wang et
al. prepared LFP/ mesoporous carbon nanocomposites by the
nanocasting technique.® It was demonstrated that the
nanocomposites exhibited a good specific capacity with an
excellent cyclability. Jung et al. synthesized FeFs/mesoporous
carbon nanocomposites using mesoporous carbon as the template,
and at current rates of 0.5C and above, the discharge capacities of
the nanocomposites were 3 times larger than the corresponding
values for bulk FeFs.*” It is noted that the above mentioned
mesoporous carbon-based cathode materials are mainly based on
a hard-templated route that is a complex process involving
multiple steps such as impregnation of a silica template with a
carbon precursor followed by carbonization of the resulting
composite and the template removal, and thus it is not suitable for
the large-scale synthesis.”*® In contrast, the soft-templated
method is a viable and economically feasible strategy because it
directly uses inexpensive and environmentally friendly
surfactants as the structure-directing agents and no complex steps
are needed *°.

Herein, we propose a novel and facile route for synthesizing
LFP/mesoporous  carbon  nanosheets  (LFP/meso-CNSs)
nanocomposite via an in-situ soft-templated method, which
involves solvent evaporation induced self-assembly (EISA) of
triblock copolymers with resol and inorganic as co-precursor of
CNSs and LFP followed by heat treatment. The mesoporous
carbon matrix of the LFP/meso-CNSs filled with electrolyte not
only serves as the mixed conducting network for both lithium
ions and electrons to migrate to LFP nanoparticles but also
restrains the nanocrystal growth during the heat treatment process
and prevents them from aggregating during cycling, and thus the
use of LFP/meso-CNSs nanocomposite as the cathode material of
LIBs confers both excellent rate capability and cycle stability.

Experimental Section

Materials

All chemicals used were of analytical grade, and no further
purification was performed. Phenol, formalin solution (37 wt%),
sodium hydroxide, hydrochloric acid, ethanol, concentrated
aqueous H3PO, solution (85 wt%) and ethanol were purchased
from Shanghai Chemical Industrial Co. Ltd. (Shanghai, China).
FeCl,-4H,O (99%), LiCI(99.5%), and F127 (Pluronic block
copolymer EOj05-PO7¢-EO146) Were obtained from BASF Corp.
Al solutions were prepared in deionized (DI) water.

Synthesis of LFP/meso-CNSs nanocomposite

Soluble resol precursors were prepared by using phenol and
formaldehyde in a base-catalyzed process according to the
procedure  reported  previously.”® The LFP/meso-CNSs
nanocomposite was synthesized through a soft-templated method.
In a typical procedure, FeCl,-4H,0, HsPO,4 and LiCl were used as
the starting materials in a molar ratio of 1: 1: 1.01, and absolute
ethanol was applied as the solvent. First, 2 g F127 was dissolved
in 15 mL absolute ethanol under magnetic stirring to form a clear
solution. Then, 5.0 g of the resol precursor solution (20 wt % in
ethanol) was added dropwise and stirred for 10 min.
Subsequently, FeCl,-4H,O and LiCl were transferred into the
above solution. The mixture was vigorously stirred under flowing
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nitrogen to avoid the oxidation of Fe®* until all the salts were
dissolved, and HzPO, was slowly added to the solution. After
further stirring for 12 h, the mixture was cast onto Petri dishes,
followed by the evaporation of ethanol for 8 h at room
temperature in a hood. The resulted sticky films were subjected to
thermocuring at 100 °C under vacuum for 24 h. The as-obtained
composite films were ground into powders, and pyrolyzed in a
tube furnace to decompose the triblock copolymer template and
carbonize the phenolic resin, thus LFP nanocrystallites were in-
situ generated. Specifically, the LFP/meso-CNSs nanocomposite
were obtained by pyrolyzing the composite powders at 400 °C for
5 h followed by milling, then at 650 °C for another 8 h under the
atmosphere of Ar containing 5% H, with a heating rate of 1 °C
min™. For an electrochemical performance comparison, the bare
LFP was prepared by the same process without the addition of
F127, resol precursor solution or both of them.

Characterization

The X-ray powder diffraction (XRD) patterns of LFP/meso-CNSs
composite were obtained using the Rigaku D\max-2200
instrument operating at 40 kV and 40 mA using CuKa radiation
(A = 0.154 nm), and the scanning ranged from 10° to 90°. The
morphologies and compositions were characterized by
transmission electron microscopy (TEM, JEOL 200CX),
scanning electron microscopy (SEM, JEOL JSM-6700F), electron
energy disperse spectroscopy (EDS, OXFORD INCA) and
atomic force microscopy (AFM, IMODE NANOSCOPE, DI,
USA). Raman spectra were recorded in a Renishaw inVia Raman
microscope using the 514 nm lasers as a light source.
Thermogravimetric analysis (TGA-209F3, NETZSCH, Germany)
were performed at a heating rate of 5 °C /min under a flow of air.
N, adsorption-desorption isotherms were measured on a
QUADRASORB Sl surface area & pore size analyzer at 77 K
after the as-prepared samples were annealed at 200 °C.

Electrochemical testing

The working electrode was fabricated by mixing the as-
synthesized active materials (80 wt%), carbon black (10 wt%)
and polyvinylidene fluoride (PVDF 10 wt% ), with N-methyl-2-
pyrrolidone (NMP) used as the solvent. The slurry was evenly
spread onto Al foil and dried at 120 °C for 24 h under vacuum.
The electrochemical performance was tested by assembling
CR2025 coin cells, using Li metal as the counter and reference
electrode. The electrolyte solution was 1 M LiPFs in a 1:1
mixture of ethylene carbonate (EC) and dimethyl carbonate
(DMC). The galvanostatic charge /discharge measurement was
performed within a potential range of 2.0-4.2 V (vs. Li*/Li) on a
battery test system (LAND CT2001A, Wuhan Jinnuo Electronics,
Ltd., China). Cyclic voltammetry (CV) and electrochemical
impedance spectroscopy (EIS) tests of the cells were carried out
at the scan rate of 0.1, 0.2, 0.4, 0.6, and1.0 mVs™, respectively,
using an electrochemical workstation (CHI660C, Shanghai
Chenhua, China). All the electrochemical measurements were
conducted at room temperature.

10 Results and discussion
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Fig.1 (a) X-ray diffraction pattern, (b)Nitrogen adsorption/desorption
isotherms of the LFP/meso-CNSs nanocomposite, the inset is the pore-size
distribution plot calculated by the BJH formula in the desorption branch

5 isotherm.

Fig.1a shows the XRD pattern of the as-synthesized LFP/meso-
CNSs nanocomposite. It is seen that all the diffraction peaks
agree well with the orthorhombic LFP phase, indicating that LFP
w0 is well formed using this method. N, adsorption-desorption
measurements were conducted to investigate the porous nature
and the BET surface areas. As can be observed in Fig.1b, the
LFP/meso-CNSs nanocomposite exhibits a hysteresis hoop at the
high relative pressure, and it can be identified as type IV
15 isotherms and characteristic of mesoporous structure.®> The
specific surface area of the LFP/meso-CNSs nanocomposite is
80.5m?g ™, and it has a pore size distribution with a maximum of
about 4 nm and 33 nm, which can be attributed to the removal of
the organic moieties during pyrolysis and interspaces between
20 LFP and mesoporous carbon nanosheets, respectively.®® The
representative thermogravimetric analysis (TGA) curve under air
atmosphere in Fig.S1 indicates an appreciable weight loss
between 350 and 600 °C, which is mainly ascribed to the carbon
loss in the composite. As reported, the oxidation of LiFePO, to
25 LisFe, (PO4); and Fe,O; can result in a weight gain of 5.07%.%%
After calculation from the TGA curves (see ESI, Fig. S1), the
mesoporous carbon content is 9.27 wt% (5.07 + 4.20 %).
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Fig.2 (a-c) Typical SEM images of the LFP/meso-CNSs nanocomposite, (d)
Corresponding EDS spectrum.

Fig.2 shows SEM images of the LFP/meso-CNSs

35 nanocomposite with different magnifications. As shown in Fig.
2a, the LFP nanoparticles are well dispersed in millimeter-sized
monolithic pieces. According to the closer observation in Fig.2b-
¢, the LFP particles are monodispersed in the carbon nanosheets

with a size ranging from 100 to 200 nm. Furthermore, the

40 presence of voids and interspaces between the LFP particles and
mesoporous carbon nanosheets obviously increases the surface
area of the cathode material and promotes the intimate contact
between the electrolyte and active materials. The existence of
meso-CNSs can not only contributes to the improvement of the

45 electronic conductivity of the inter-granular, but also restrains the
nanocrystal growth during the heat treatment process and
prevents them from aggregation while cycling extends. As can be
seen in Fig.2d, the compositions are further confirmed by the
elemental signatures of Fe, P, O and C.

50

Fig.3 (a) Typical SEM images of LFP/meso-CNSs nanocomposite, (b-d) The
corresponding elemental mappings of C, Fe and P elements in the
55 composite by SEM-EDS.

A typical SEM image of the LFP/meso-CNSs nanocomposite
and its corresponding elemental mappings are shown in Fig. 3. It
is clearly observed that CNSs is uniformly distributed in the

0 Nanocomposite, demonstrating a well-interconnected conducting
network. Meanwhile, Fe and P elements are well dispersed in the
nanocomposite.

65
Fig.4 Typical TEM (a-b) and HRTEM (c) images of the LFP/meso-CNSs
nanocomposite and typical TEM image (d) of the remaining CNSs obtained
after removing LFP from the LFP/meso-CNSs nanocomposite using
concentrated HCI solution.
70
The fine structure of the LFP/meso-CNSs nanocomposite was

This journal is © The Royal Society of Chemistry [year]
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further examined by TEM and the result is shown in Fig.4. It is
observed that LFP particles are homogeneously anchored or
embedded in the meso-CNSs. It is worth noting that the phenolic
resol precursors provide active sites for LFP nuclei,*! and thus
promote the in-situ crystallite growth of anchored LFP
nanoparticles. It is seen from Figs.4a and 4b that there also exist
disordered mesopores in the CNSs, resulting from by the removal
of F127 template and burn-out of C, H and O from the phenolic
resin framework during pyrolysis. The wormhole mesopores are
expected to provide a short diffusion path during lithium-ion
insertion and extraction.®” Fig. 4c shows the HRTEM image of
LFP. The plane spacing is 0.37 nm corresponding to the (101)
plane of orthorhombic LFP crystals and confirms a highly
crystalline nature of the LFP, and this is consistent with the XRD
result.

To further explore the structure of LFP/meso-CNSs
nanocomposite, the composite were immersed in a concentrated
HCI solution, and then LFP was removed and meso-CNSs were
left. The representative TEM image of the remaining CNSs are
shown in Fig.4d, the crumpled and thin nanosheets are obviously
observed. In addition, it is also observed that some pores with a
size ranging from 100nm to 200nm are distributed in the carbon
nanosheets, indicating that some LFP nanoparticles were
embedded in the carbon nanosheets. A typical AFM image
(Fig.S2) reveals that the meso-CNSs have a dimenssion of several
micrometers and the height difference between carbon nanosheets
is ~ 5 nm (the green and red correspond to 1.169 nm and 4.304
nm, respectively). The Raman spectrum of the remaining CNSs in
Fig.S3 shows two prominent peaks associated with sp? carbon(G-
band,1597 cm™) and spcarbon (D-band, 1351 cm™), and this can
be attributed to the in-plane vibrations of disordered amorphous
carbon (D band) and crystalline graphic carbon (G band),
respectively. The intensity ratio of G to D bands (Ig/lp) is an
indicator of the degree of graphitization. The Ig/lp value of the
CNSs is larger than those of previously reported the mesoporous
carbon,**1%8 clearly showing that our CNSs is partially
composed of graphitic structures.
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Scheme 1 Schematic illustration of synthesis of the LFP/meso-CNSs

nanocomposite.

Based on the above experimental results, it is proposed that
the LFP/meso-CNSs nanocomposite be synthesized through an
in-situ  soft-templated method, which involves solvent
evaporation induced self-assembly (EISA) of triblock copolymer
F127 with resol and inorganic as co-precursors of CNSs and LFP
followed by heat treatment. The proposed fabrication procedure

so of LFP/meso-CNSs nanocomposite is schematically illustrated in
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Scheme 1. Triblock copolymer F127 and resol precursor are first
dissolved in ethanol to form a homogeneous solution, and then
the inorganic precursors of LFP are added. It is noted that the
resol precursor has lots of phenolic hydroxyl groups, which not
only interact with the hydrophobic EO chains of F127 via
hydrogen bonding but also coordinate with the inorganic
precursor of LFP.% Along with continuous evaporation of ethanol
at room temperature, the interactions between the amphiphilic
F127 macromolecules with resol and inorganic precursor of LFP
become stronger, and the assembly of the co-precursors of CNSs
and LFP proceed more easily. In the subsequent thermocuring
process, the cross-linked structure of the co-precursors of LFP
and CNSs is formed. Finally, the as-obtained composite films is
pyrolyzed to decompose the triblock copolymer template at
400 °C and carbonize the phenolic resin at 650 °C, and thus LFP
nanocrystallites are likely in-situ generated as their reaction
temperature of 650 °C being the same as that of the carbonization
of the phenolic resin phase. It should also be noted that when the
weight ratio of LFP/mesoporous carbon is increased to
(90wWt%/10wt%), the LFP/meso-CNSs nanocomposite can be
successfully synthesized by using the synergistic effect between
the co-precursors of CNSs and LFP during the synthesis
process.*® The LFP nanocrystallites can thus be homogeneously
separated by the meso-CNSs. In addition, when comparing the
SEM and TEM results from the LFP/mesoporous carbon with a
different ratio (70wt%/30wt%) in Fig.S4, it is demonstrated that
the wall thickness of mesoporous carbon decreases with the
increase in the weight ratio of LFP/mesoporous carbon.

By combining high electronic conductivity, open
mesoporosity, and nanosized active material, it is expected that
the LFP/meso-CNSs nanocomposite owns potential applications
in high rate capability and good cycling stability as the cathode
material of lithium ion batteries.
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Fig.5 (a) the initial 3 CV curves at 0.1mVs, (b) CV curves of the LFP/meso-

4.0 2.0 25 4.0

CNSs composite electrode at different scanning rates.

The electrochemical performance of LFP/meso-CNSs
nanocomposite was evaluated by CV and galvanostatic
charge/discharge cycling using CR2025 coin cells. Fig.5a shows
the CV curves at a scan rate of 0.1 mV s within the potential
window of 2.0-4.2 V (vs. Li/Li"). The curves of the first three
cycles at the scan rate of 0.1 mVs™ are showed in Fig.5a. A pair
of well-defined redox current peaks are observed between 3.2 and
3.7 V in the curves, and this is ascribed to the redox reaction of
Fe?"/Fe® %% % Fig.5b shows the CV curves at different potential
scan rates ranging from 0.1 to 1 mV s ™. The CV curve obtained
at 0.2 mV s* shows an oxidation peak at 3.58 V and a reduction

100 peak at 3.29 V. These peaks can also be clearly observed at a scan
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rate of 1 mV s, an oxidation peak at 3.69 V and a reduction

peak at 3.21 V. It can therefore be concluded that the small

redox-peak-potential difference at different scanning rates reveals

an excellent reversibility of the synthesized material during
s insertion and extraction reaction of lithium ions.

Fig.6a shows the charge/discharge curves of the LFP/meso-
CNSs composite electrode at different current rates. At the rate of
0.1 C (1 C =170 mA/g), the discharge capacity of the composite
electrode is 165.8 mAh/g, which is very close to the theoretical

10 capacity of LFP. The discharge capacities at the current rates of
0.2C,05C,1C,2C,and5 Care 152.8, 147.3, 145.0, 135.3 and
122.1 mAh/g, respectively. Although the specific capacity
gradually decreases with the increase in the current rate, it still
possesses a capacity of 122.1 mAh/g at 5 C.
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Fig.6 Electrochemical properties of the LFP/meso-CNSs composite
electrode, (a) The typical charge and discharge curves at different current
rates, (b) Rate performances,(c) cyclic performance when cycled at 0.1C

20 and 1C rates, (d) EIS profiles of the LFP/meso-CNSs composite electrode in

freshly assembled test cell after 3 cycles.

During the rate capacity tests, the charge-discharge cycles
started with a low current rate of 0.1C for the initial 5 cycles, and

25 then the rates gradually increased up to 10C. As shown in Fig.6b,

even at the high current rate of 10 C, a capacity of 102.1mAh/g is

still obtained. It is noted that when the current rate is reversed
back to 0.1 C, the reversible capacity of the composite electrode
returns to 165 mAh/g, indicating an excellent capacity
reversibility. It is worth noting the rate performance of the
composite electrode is comparable or even better than those of
previously reported LFP composites synthesized using
glucose,**%* citric acid,®*®®, dopamine® as a carbon source or
even directly using hard templated porous carbon as conductivity

s additive.®®® These results indicated that our LFP/meso-CNSs
nanocomposite offered a high initial discharge capacity at 0.1 C
and excellent rate capability, which were attributed to the
structural features of the nanocomposite and will be discussed in
detail in the following section.

2 It is well known that the cycling stability of the electrode at a
high discharge rate is very important for practical applications.
As shown in Fig.6c, after the composite electrode being cycled at
a rate of 0.1C for over 50 cycles, no significant capacity loss is
detected. Even at a rate of 1C and after 50 cycles, the capacity

3

S

45 retention remains as high as about 98%, indicating a remarkable
cyclic performance.

Fig. 6d shows the Nyquist plots that consist of a depressed
semicircle in the high frequency region followed by an oblique
line in the low frequency region. The former is due to the charge-

so transfer reaction at the electrode/electrolyte interfaces, and the
latter represents the Warburg impedance, which is associated
with lithium ions diffusion in the bulk of the electrode.®®® As
shown in Fig 6d, a high charge-transfer resistance (Ry) is a
feature of the freshly assembled cell. After three charge/discharge

ss cycles, the Ry is reduced to about 60 Q. It is reasonable to
assume that the reduction of resistance is due to the structures of
the composite electrode allowing fast penetration of electrolyte
and maximizing the interfacial contact between electrolyte and
active material.

60 In order to confirm the role of the unique structural features
of the nanocomposite in more detail, the bare LFP was prepared
by the same process without the addition of F127, resol precursor
solution or both of them. For an electrochemical performance
comparison, the rate capabilities of bare LFP at various charge-

es discharge rates were showed in Fig.S5. The bare LFP only
maintained discharge capacities of 119.4 mAh/g at 0.1C, 96.5
mAh/g at 1C, 76.8 mAh/g at 5C, and 57.8mAh/g at 10C
respectively, all of which were much lower than those of our LFP
nanocomposite. As shown in Fig.S6, the Rct of bare LFP is about

70 300 Q after three charge/discharge cycles, which is much higher
than our LFP nanocomposite.

Because of the low intrinsic electrical conductivity of LFP,
the electrons in the bare LFP electrode will reach the
relatively limited positions where lithium ion intercalation takes

75 place, thus resulting in limited the reaction area. In addition,
lithium ion diffusion to LFP active sites is kinetically hindered in
the bare LFP electrodes, thus the degree of polarization of the
electrode increases with each charge-discharge cycle and finally
leads to poor rate capability. As shown in Fig.S7, the

s significantly  improved electrochemical performance of
LFP/meso-CNSs nanocomposite can be attributed to its high
electronic conductivity, open mesoporosity, and the nano-size of
its active material, which can enhance the electronic and ionic
conductivity throughout the electrode.

85 Based on the above mentioned experimental results, the
LFP/meso-CNSs  nanocomposite  exhibited an excellent
electrochemical performance, and this is mainly ascribed to the
unique composite architecture resulting from the following
factors. First, nano-sized and high-crystallinity LFP nanoparticles

s are in-situ generated in the monolithic carbon matrix, which
shortens the diffusion-path length of lithium ions and maximizes
the interfacial contact between electrolyte and active material.
Second, the meso-CNSs can offer efficient transport pathways for
lithium ion diffusion to LFP active sites, which have been

s demonstrated to be beneficial for the high-rate electrochemical
performance.****“° Finally, plenty of voids and interspaces in
monolithic composite architecture can further increase the surface
area of the composite and promote an intimate contact between
the electrolyte and active materials.

100 Conclusions

In conclusion, the LFP/meso-CNSs nanocomposite was
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successfully synthesized by means of a facile in-situ soft-
templated method, which involved a solvent—evaporation-induced
self-assembly (EISA) of triblock copolymers with resorcinol and
inorganic as the co-precursors of LFP and meso-CNSs followed
by heat treatment. It is demonstrated that the LFP/meso-CNSs
electrode has an excellent electrochemical performance especially
with a high-rate capability and stable cycling properties, as a
result of its high electronic conductivity, open mesoporosity, and
the nano-size of its active material. Both the unique structure and
promising performance of the LFP/meso-CNSs nanocomposite
indicate that the as-proposed facile approach provides a
potentially general pathway for the development of high-
performance electrodes with low-conductivity active materials for
applications in electric vehicles and energy storage.
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Abstract:  soft-templated LFP/mesoporous carbon nanosheets (LFP/meso-CNSs)
nanocomposite as the cathode of lithium ion batteries, displays an excellent high-rate

capability and stable cycling property, benefitting from its high electronic conductivity,
open mesoporosity, and the nano-size of its active material.
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