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Abstract
The sluggish reaction kinetics and aggregation of volume during lithiation/delithiation process are the
main obstacles of anode for li-ion capacitors (LICs). Here, we use the “three bird one stone” strategy to
design the anode of phosphorus abundant Co2P nanoparticles encapsulated by N-doped CNTs rationally.
The Co2P nanoparticles contribute to shorten the Li+ diffusion length, while abundant phosphorus
guaranteeing the high electrical conductivity and N-CNTs providing stable structure protecting layers.
Hence, Co2P/N-CNTs electrode reveals a large specific capacity of 807 mAh g-1 at 0.1 A g-1 over 200 cycles
and excellent rate performance of 395 mAh g -1 at 3.2 A g-1. Extraordinary, the capacitive contribution of
Co2P/N-CNTs electrode at 1 mV s-1 is 80.73%, contributing to the enhanced reaction kinetics and rate
capacity. The LICs comprising of Co2P/N-CNTs anode and activated carbon (AC) cathode demonstrate
an outstanding energy density of 130 Wh kg-1 at 625 W kg-1 along with 90.24% capacity retention over
10000 cycles at 5 A g-1 within 4.5 V. The proposed strategy can be applied to develop promising electrode
materials for promising energy storage systems.
Keywords: Co2P/N-CNTs, Anode, three bird one stone, High rate capacity, High ratio of capacitive
contribution capacity.

1. INTRODUCTION
Since the 21C, researchers around the
world in the field of energy storage systems
have paid great attention to li-ion batteries
(LIBs) owing to the increasing demand of
high energy density and long cycling life [13]. Generally, LIBs exhibit high specific
capacity but suffer from sluggish
charging/discharging rate capacity comparing with the power-type energy storage
device of supercapacitors (SCs). However,
SCs store energy by the electric doublelayer or pseudocapacitance mechanisms in
electrodes, which can’t fulfill the
requirements of devices with high energy
density [4-8]. Therefore, focused studies are
recently on the li-ion capacitors (LICs)
integrating high energy density obtained by
the faradaic process on anode and large
power density achieved via the electric

double layer effect on cathode. In addition,
organic electrolyte containing Li+ providing
wide working voltage window was
recognized as an appropriate choice for
LICs due to its low cost and similar
performance compared with the Li
counterpart [10-13]. Recently, metal
phosphorous (eg：FeP [14], NiP3 [15], SnP3
[16], CuP2 [17], and CoPx [18]) have been
chosen as ones of the most promising anode
of LICs, in view of their high specific
capacity and low discharge voltage plateau.
Among various types of CoPx, the
orthorhombic Co2P demonstrates better
structure stability and higher electrical
conductivity owing to the more Co element
and metallic character, which is the
promising anode candidate of LICs.
However, the development of Co2P-based
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electrodes in LICs still restricted by the
large volumetric expansion, severe particle
aggregation
and
poor
electrical
conductivity
during
the
lithiation/delithiation process [19-24].
To tackle these problems, one promising
strategy is to integrate Co2P with
conductive carbon materials [27-30]. The
hybrid structure can not only prevent the
agglomeration of active materials and
enhance the electric conductivity, but also
alleviate the large volume expansion,
thereby improving the overall electrochemical performances of electrode.
Although some advances have been made
in recent years, the li-ion storage
performance of these hybrids is still
unsatisfied, mainly due to the poor
interfacial contact between the transitionmetal phosphides and carbon materials.
Therefore, designing innovative architecture able to provide more intimate interfacial
contact
between
transition-metal
phosphides and conductive carbon and
simultaneously to prevent the aggregation
of nanoparticles remains the great
challenge.
In this paper, the novel structure of Co2P
nanoparticles encapsulated by porous
carbon polyhedral composed of N-doped
carbon nanotubes (Co2P/N-CNTs) was
achieved via facile solvent-thermal method
with subsequent phosphorization treatment.
Distinctly, the Li+ diffusion coefficient and
capacitive-controlled energy storage ratio at
high sweep rates are significantly reinforced by strong synergistically coupling of
Co2P nanoparticle units and the surrounding
N-doped CNTs network. In addition, Co2P
nanoparticles offer numerous active sites
and large specific surface areas, which
effectively reduce the Li+ diffusion length
and increase the availability of electrolyte
ions. Also the N-doped CNTs network acts
as the fast outer electrons transport layer
and protective layers of the stable structure
during
lithiation/delithiation
process.
Therefore, Co2P/N-CNTs electrode exhibit
a large discharging capacity of 807 mAh g1
at 0.1 A g-1 over 200 cycles along with
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high Coulombic efficiency nearly 100% at
each cycle, excellent rate performance of
395 mAh g-1 at 3.2 A g-1 , which is evaluated
to be the promising anode of high
performance LICs. Based on the perfect
match of Co2P/N-CNTs anode and AC
cathode, high performance LICs are
constructed, which demonstrated an
outstanding energy density of 130 Wh kg-1
at 625 W kg-1 along with a reasonable stable
cycling of 90.24% capacity retention over
10000 cycles at 5 A g-1 within the voltage
of 4.5 V.
2. EXPERIMENT
2.1. Material Preparation
Co2P/N-CNTs composites were achieved
by a facile solvent-thermal treatment
followed by phosphorization in Ar. The
precursor of ZIF-67 was synthesized in the
previous report [31]. Then the resulting
precipitates of ZIF-67 were annealed at 900
C for 4 h with the heating rate of 5 C min1
under N2, which were named as CoMOF/N-CNTs. After carbonization, the
obtained products of Co-MOF/N-CNTs and
NaH2PO2 with the ratio from 1:5 to 1:20
were put into two different boats and heated
at 350 C for 2 h with the heating rate of 2
C min-1 in Ar flow. Finally, the products
were washed with deionized water and
ethanol for several times until the solution
being transparent and dried at 60 C in oven
overnight.
2.2. Material Characterization
The morphology of products was
charactered by field-emission scanning
electron microscopy (FE-SEM, FEI Nova
NanoSEM 450) and high resolution
transmission electron microscopy (HRTEM, FEI Tecnai G20). The crystal
structure was performed by Powder X-ray
diffraction (XRD) (PANanalytical B.V.,
Netherlands) with Cu Kα radiation (λ =
1.5418
Å).
X-ray
photoelectron
spectroscopy (XPS, Kratos AXIS Ultra
DLD-600 W) and Raman scattering (InVoRENISHAW) were further analysed to
achieve the chemical bonds and structural
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composition of the materials. The specific
surface area was evaluated by N2
adsorption-desorption
isotherms
(Micromeritics ASAP 2020 analyzer).
Thermal analysis (STA449) was conducted
to analyse the carbon content in Co2P/NCNTs. All the electrochemical tests were
carried out by electrochemical workstations
(CHI760E, Shanghai, China) and battery
test system (Xinwei, Shenzhen, China).

In addition, the energy density (E, Wh kg-1)
of a LIC is achieved by Equation (2)
E = 1⁄2 CV2
(2)
where C is the specific capacitance based on
Equation (1) and V is the working voltage
window. The power density (P, W kg-1) of
the LIC is determined by the energy density
(E) and discharging time (t) according to
Equation (3).
P = E⁄t
(3)

2.3. Electrochemical Measurements
Fabrication of Li-ion half cells: The
working electrodes were prepared as
follows: 75% active material, 10% binder
(Polyvinylidene Fluoride) (PVDF) and 15%
conductive additive (super P) were mixed in
N-methyl-2-pyrrolidone (NMP) solution
uniformly with stirring overnight to form
the slurry. The slurry was coated on a
copper foil/aluminum foil serving as the
current collector followed by vacuum
drying at 80 °C overnight. Li-ion half cells
were prepared in an argon-filled glove box
with Li foil serving as the counter electrode,
using 1.0 M LiPF6 in a 1:1 vol/vol mixture
of ethylene carbonate (EC) and diethyl
carbonate
(DEC)
with
5%
Fluoroethylenecarbonate (FEC) as the
electrolyte, and glass fiber membrane
(GF/D, Whatman) as the separator.
Fabrication of LICs: Prior to construct
the LICs, the Co2P/N-CNTs electrode was
preactivated for three cycles at 0.1 A g-1
with lithium foil as the counter electrode.
Afterwards, the prelithiated Co2P/N-CNTs
anode and activated carbon (AC) cathode
were assembled into the LICs using the
same separator and electrolyte in li-ion half
cells.
Electrochemical Measurement: The
specific capacitance (C, F g-1) of half-cells
and LICs were calculated by Equation (1)
C= I ∆t⁄(m ∆V)
(1)
where I is constant current (A), Δt
represents the discharging time (s), m is the
mass of the active materials based on anode
and cathode (g) and ΔV represents the
working voltage window (V), respectively.

3. RESULTS AND DISCUSSION
The Co2P/N-CNTs composites can be
achieved by the facile solvent-thermal
process and following phosphorization
treatment, which is displayed in Scheme 1.
Firstly, ZIF-67 was synthesized by the selfassembly of Co2+ ions and 2methylimidazole in methanol at room
temperature as the precursor. Secondly, the
precursor was annealed in N2 to enhance the
structure stability and conductivity, which
named as Co-MOF/N-CNTs. Finally, the
Co2P/N-CNTs hybrid was achieved by
phosphidation of the as-prepared CoMOF/N-CNTs with NaH2PO2 under Ar
atmosphere with the optimum mass ratio of
1: 15.

Scheme 1 Material synthesis process of
Co2P/N-CNTs employed for the anode of li
ion capacitors (LICs).
Figure 2 presents the morphology of
Co2P/N-CNTs
composites.
Excellent
structure of porous carbon polyhedron
composed of N-doped CNTs wrapped Co2P
nanoparticles is clearly observed in Figure
2a-2c. Co2P/N-CNTs composites possess
uniform
rhombic
dodecahedral-like
morphology with average size of 300 nm;
the Co2P nanoparticle unit with a diameter
of approximately 80 nm and surrounded by
a large number of intertwined CNTs. The
microstructure of Co2P/N-CNTs is further
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investigated by transmission electron
microscopy (TEM) measurement. Figure 2d
reveals that the

Figure 2. (a,b,c) SEM images of Co2P/NCNTs; (d) TEM micrograph of Co2P/NCNTs highlighting the morphology of the
Co2P nanoparticles and surrounding NCNTs network; (e,f) HRTEM images of
Co2P/N-CNTs emphasis on inter-spacing of
Co2P and N-CNTs, respectively.
CNTs with the length of a few hundred
nanometers and diameters of 30 nm
homogeneously surround the Co2P
nanoparticles. The lattice fringe of 0.22 nm
can be assigned to the (121) plane of Co2P
and the lattice fringe of 0.34 nm can be
indexed to the (002) plane of graphic carbon
(Figure 2e-2f), respectively. Also, there
exists amorphous carbon of CNTs.

planes of orthorhombic Co2P/N-CNTs
(JCPDS card No. 32-0306). Additionly, the
peak located at 25.8° is the (020) plane of
carbon, which is consistent with the TEM in
Figure 2f. Also, the peaks at 44.2°, 51.6°
and 75.9° corresponds to the (111), (200)
and (220) planes of Co-MOF/N-CNTs
(JCPDS card No. 15-0806). Apparently,
these peaks are belong to metallic Co. We
further study the effects of quality ratio of
sources on products in Figure 3b. When the
quality ratio of Co-MOF/N-CNTs to
NaH2PO2 been 1/5, 1/8, 1/10, the CoMOF/N-CNTs can’t be phosphated
completely,because of the peak at 44.2°
belonging to metallic Co still remained.
However, new peaks appears at 44.1°, 46.2°
when the ratio is 1/20, which belongs to the
(422) and (511) plane of cubic
Co2(H2PO2)2(H2O)6 (JCPDS card No. 01075-0031), respectively. Therefore, 1/15
was selected as the optimal phosphation
quality ratio of Co-MOF/N-CNTs to
Co2P/N-CNTs.

Figure 4. (a) Raman patterns of Co2P/NCNTs and Co-MOF/N-CNTs; (b) TG curves
of Co2P/N-CNTs from 0 to 800℃；(c) X-ray
photoelectron (XPS) spectra obtained from
Co2P/N-CNTs of the (d) Co 2p, (e) P 2p, (f)
N 1s.
Figure 3. (a) X-ray diffraction (XRD) of
Co2P/N-CNTs and Co-MOF/N-CNTs; (b)
XRD patterns of the products with the
source quality ratio of Co-MOF/N-CNTs to
NaH2PO2 from 1:5 to 1:20.
The crystal structure of Co2P/N-CNTs
was achieved by X-ray diffraction (XRD)
shown in Figure 3a. Specifically, the strong
peaks located at 40.8°, 44.3° and 51.6° can
be indexed to the (121), (130) and (002)
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Figure 4a performs the typical Raman
spectra of Co2P/N-CNTs, while the peaks
centered at 526 and 714 cm-1 can be indexed
as the typical Raman active 2LA (M) and
A1g vibrational modes of Co2P,
respectively [32]. In addition, the peaks at
1388 and 1620 cm-1 are ascribed to the D
and G band of N-CNTs, with the ID/IG value
obtained at about 0.88, indicating that there
are abundant defects and graphitic carbon in
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the Co2P/N-CNTs, which contributes to the
high conductivity and mass active sites
[10]. The nitrogen adsorption-desorption
isotherms showed the mesoporous
characteristics of Co2P/N-CNTs (Figure
S1). The BET specific surface area is 190
m2 g-1 and pore volume is 0.36 cm3 g-1.
Figure S2 shows the mesopores size
distribution centered at around 18.5 nm. It
is believed that the high specific surface
area and large porous volume provide
plenty of interfaces and mass transport
pathways to enhance the fast diffusion of
Li+ during the charging/discharging cycles.
Figure 4b showed the thermogravimetric
(TGA) results in the 0-800℃ temperature
range, the Co2P/N-CNTs is decomposed to
yield Co3O4 in the air in the end. According
to the calculation, the mass ratio of Co2P is
56.48% in the Co2P/N-CNTs. The surface
chemistry
of
Co2P/N-CNTs
was
investigated by X-ray photoelectron
spectroscopy (XPS) (Figure 4c), which
including Co, P, N, C and O species. As
shown in Figure 4d, Co 2p core-level XPS
spectrum of Co2P/N-CNTs can be
deconvoluted into two peaks centered at
780.5 and 797.6 eV, which belong to the
typical Co 2p3/2 and Co 2p1/2, respectively.
It is consistent with the state of Co 2p in
Co2P. In addition, the high-resolution P 2p
spectrum of Co2P/N-CNTs in Figure 4e
reveals the presence of P-Co bonding and PC bonding, which stated at 128 eV and 132
eV, 133.4 eV, respectively [20-23]. The
deconvoluted high-resolution N 1s spectra
of Co2P/N-CNTs are centered at 398.2 eV,
399.6 eV, in association with pyridinic N,
pyrrolic N in the Co2P/N-CNTs (Figure 4f)
[33]. Additionly, the C 1s and O 1s spectra
showed in Figure S3 and S4, which
confirmed the existence of C and O in
Co2P/N-CNTs.
The electrochemical performance of
Co2P/N-CNTs electrode was evaluated to
judge its potential as a promising anode of
LICs. Figure 5a depicts the cyclic
voltammetry (CV) measurements of the
initial five cycles of Co2P/N-CNTs
electrode at the scan rate of 0.1 mV s-1. In

the first cathodic scan process, a broad
reduction peak can be observed at about
1.02 V, which can be assigned to
irreversible reaction related to the formation
of solid electrolyte interface (SEI).

Figure
5.
The
electrochemical
performance
of
Co2P/N-CNTs
electrode: (a) Cycling performance at
the current density of 0.1 A g-1 for the 1st,
2nd, 3rd, 5th cycle; (b) The specific
capacity at 0.1 A g-1 over 200 cycles. (c)
Rate properties; (d) CV curves at 0.1,
0.2, 0.3, 0.5, 0.7, 0.9, 1 mV s-1; (e)
Specific peak current at a series scan
rates from 0.1 to 1 mV s-1; (f) CV curves
with separation between total current
(blue area) and capacitive current (red
area) at 1 mV s-1.
In addition, there are two distinct major
peaks at 1.26 V and 0.52 V, which should
attributed to the conversion reaction of
Co2P with Li+ ions into Co metallic
nanoparticles embedded into Li3P matrix as
illustrated in Equation (1) [16-20].
3Li+ +3e- +Co2 P↔2 Co+Li3 P

(1)

In the first anodic scan, two main broad
oxidation peaks located at 1.26 V and 2.24
V should be ascribed to the decomposition
of Li3P. Interestingly, the almost
overlapping CV curves of Co2P/N-CNTs
electrode from the 2nd to 5th sweeps show
higher reversible conversion and enhanced
stability of electronic transport upon the
lithiation/delithiation process. Figure S5
shows the galvanostatic charge-discharge
(GCD) curves of Co2P/N-CNTs electrode at
0.1 A g-1 with unobvious voltage plateau,
demonstrating dominating capacitivecontrolled energy storage. Figure 5b
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displays the charging/discharging cycling
performance of Co2P/N-CNTs electrode at
0.1 A g-1. The charge and discharge
capacities of Co2P/N-CNTs electrode in the
1st cycle are 896 and 1480 mAh g-1,
respectively, corresponding to an initial
Coulombic Efficiency (CE) of about 60.5%.
The irreversible capacity loss during the
first discharge-charge process is mainly due
to the formation of SEI on the surface of the
electrode [10]. However, the CE of the
electrode increases rapidly, and the
following discharge/charge curves are
almost exactly overlapped with each other,
demonstrating
high
reversibility.
Surprisingly, Co2P/N-CNTs electrode
exhibits about 807 mAh g-1 at 0.1 A g-1 over
200 cycles, displaying high specific
capacity and excellent cycling stability.
Besides, Co2P/N-CNTs electrode also show
enhanced rate capability. As demonstrated
in Figure 5c, the electrode was examined at
the current density from 0.1 to 3.2 A g-1.
Surprisingly, Co2P/N-CNTs electrode can
still retain 406 mAh g-1 at the ultrahigh
current density of 3.2 A g-1, which is
superior to previous reports of Co2P as the
anode for Li-ion half-cells. Additionally,
Co2P/N-CNTs electrode remained nearly
400 mAh g-1 at the high current density of
3.2 A g-1 over 1000 cycles in Figure S6,
demonstrating high rate capacity. So, it was
the promising anode of LIC. From the
electrochemical impedance spectroscopy
(EIS) data expressed in Figure S7, it is
clearly seen that the Co2P/N-CNTs
electrode has the small charger transfer
resistance over 10000 charging/discharging
cycles. Improved Li+ diffusion coefficient
and electrons transport rate could be
ascribed to the unique electrons transfer
network constructed by Co2P nanoparticle
units and high conductive N-CNTs
network. To further explore the kinetics
process of Co2P/N-CNTs electrode, a series
of CV curves at the sweep rates from 0.1 to
1 mV s-1 are performed in Figure 5d. It
clearly displays that the obvious positive
shift in anodic peaks and negative shift in
cathodic peaks with the increasing of scan
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rates,
demonstrating
significant
polarization during lithiation/delithiation
process. The Li+ transport kinetics of
Co2P/N-CNTs electrode can be analysed by
Equation (2) to achieve the dominant effect
of diffusion-controlled redox reaction or
surface capacitive process.
i=aʋb

(2)

where a and b are variable constant, ʋ is the
scan rate. The b equals to 1 indicating a
capacitive process, while b of 0.5 shows a
semi-infinite diffusion process dominated
by Li+ insertion [28]. As illustrated in
Figure 5e, b is 0.82 and 0.97 for cathodic
and anodic peaks of Co2P/N-CNTs
electrode at the scan rates less than 1 mV s1
, respectively, which shows a dominant
surface capacitive process. It clearly
revealed that the effect of diffusion process
is more and more prominent with the
increasing of scan rates. We can calculate
the relative contribution of the capacitive
process by comparing the shaded area with
the entire stored charges by the Equation
(3).
i=k1 ʋ+k2 ʋ1⁄2

(3)

where k1 and k2 are constant, ʋ is the scan
rate, k1ʋ is the surface capacitive-controlled
process and k2ʋ1/2 is the diffusioncontrolled process [34]. As a result, Figure
5f exhibits 80.73% of the total capacity at 1
mV s-1 (red region) achieved by the surface
capacitive process, demonstrating dominant
capacitive contribution in Co2P/N-CNTs
electrode during lithiation/delithiation
process. In detail, Figure 5f shows the
relative ratio of capacitive contribution at
the scan rates from 0.1 to 1.0 mV s-1. With
the increasing of scan rates, the ratio of
capacitive contribution enlarges from
37.74% to 80.73%, which may attributed to
the enhanced reaction kinetics and more
pseudocapacitive reactive sites at the
surface and near-surface region of the
optimized Co2P/N-CNTs electrode.
We constructed the LICs using
prelithiated Co2P/N-CNTs anode and AC
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cathode to power the laptop and electric bus
and
the
proposed
charge-storage
mechanism is shown in Figure 6a.

of Co2P/N-CNTs and AC electrodes, the
maximum voltage window of the LIC is
likely to be 4.5 V. With the increasing of the
voltage window to 4.5 V, the specific
capacity of LIC increased. Considering that
the amplitude of the capacity in Co2P/NCNTs anode and AC cathode will not
change in line with the increase of current
density, the mass ratio of active materials in
anode and cathode should be optimized.
Combining the Equation (4) with the CV
curves and GCD curves, we can conclude
that 1:3.5 is the optimal mass ratio of anode
and cathode [10].
Q+ = C + × m+ = Q− = C− × m−

Figure 6. (a) Schematic illustration of the
assembled LICs; (b) CV curves of the LICs
at various scan rates; (c) GCD curves of the
LICs at various current densities; (d)
Cycling performance at 5 A g-1 for 10000
cycles; (e) Ragone plots of the Co2P/NCNTs//AC LICs comparing with other LIC
systems.
During the charging process, PF4- ions are
adsorbed on the surface and defect sites of
AC cathode, while Li+ ions insert into the
Co2P/N-CNTs anode [10]. Additionally, the
discharging process is in contrary of the
charging process. Prior to assemble the
LICs, the Co2P/N-CNTs anode was
preactivated with proceeding 2 cycles at 0.1
A g-1 then discharging to 0.2 V to achieve a
wide working voltage window and
eliminate the initial irreversible reaction.
Being benefited from the safe electrolyte
working potential and the voltage profiles

(4)

Figure 6b shows the CV curves of
Co2P/N-CNTs//AC LIC at the scan rates
from 50 to 800 mV s-1 in the working
voltage of 0.0-4.5 V with the mass ratio of
anode and cathode being 1:3.5. The CV
curves exhibit similar rectangular shape,
perfectly coupling with the Capacitor-type
and Faradaic-type energy storage process at
the cathode and anode, respectively. With
the increasing of scan rates, the rectangular
shape of CV curves is still maintained
without severe deformation, demonstrating
high cycling reversibility and good rate
capability. The GCD curves of Co2P/NCNTs//AC LIC at the current densities from
1 to 20 A g-1 show linear slope with the
Coulombic Efficiency nearly 100% (Figure
6c). According to the calculation, the
corresponding specific capacity (based on
the total active mass of anode and cathode)
are 44.4, 35.6, 33.3, 32.4, 30.8 and 29.8 F g1
at the high current densities of 1, 2, 3, 5,
10, 20 A g-1, respectively. Furthermore, the
Co2P/N-CNTs//AC LIC achieves an
outstanding cycling stability with 90.24%
capacity
retention
over
10000
charging/discharging cycles at the current
density of 5 A g-1 along with the Coulombic
Efficiency nearly 100% (Figure 6d).
Importantly, the Co2P/N-CNTs//AC LIC
obtains the maximum energy density of 130
Wh kg-1 at the power density of 625 W kg1
. Even at the high-power output of 12500

International Journal of Nanoscience and Nanotechnology

245

W kg-1, the LICs still maintain an
extraordinary energy density of 55 Wh kg-1.
The higher energy density and power
density of the Co2P/N-CNTs//AC LIC
surpass several previously reported LICs,
such as T-Nb2O5@C//AC [35], V2O5CNT//AC [36], MOF-C//Li4Ti5O12 [37],
HTO//AC [38], CoS//FCS [39]. With this
superior electrochemical performance, the
Co2P/N-CNTs//AC LICs are regarded as
the promising candidate to power hybrid
electric vehicles easily.
4. CONCLUSIONS
In summary, the hierarchical porous
Co2P/N-CNTs were developed by a facile
approach, which can be realized with the aid
of solvent-thermal process and phosphoration in Ar. As-prepared Co2P/N-CNTs
show the integrated advantages of
hierarchical porous structure as well as high
electrical conductivity and stable structure
protecting layer of N-doped CNTs network.
According to the calculations, Co2P/NCNTs electrode exhibits capacitancecontrolled charge storage process especially
at the higher scan rates. As a consequence,
Co2P/N-CNTs
electrode
displays

outstanding rate capability and ultra-long
cycling stability over 200 cycles, regarding
as the promising anode of high performance
LICs. On this basic, high performance LICs
using Co2P/N-CNTs anode and AC cathode
is assembled, which delivers high energy
density at large power density and
extraordinary cycling stability within the
wide voltage window of 4.5 V. Our
synthetic strategy integrates the advantages
of metal phosphide and CNTs and can used
to prepare other electrode materials. Also,
the high performance Co2P/N-CNTs anode
and AC cathode may provide a convenient
way to obtain advanced LICs.
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