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Abstract LiFePO4/C materials were synthesized via an
in situ coating on LiFePO4 with 1-butyl-3-
methylimidazolium dicyanamide [BMIm][N(CN)2] as
a carbon source. The electrode materials were charac-
terized by X-ray diffraction (XRD), Fourier transform
infrared (FTIR) spectra, Raman spectroscopy, scanning
electron microscopy (SEM), and transmission electron
microscopy (TEM). The results revealed that 1–2 nm
carbon films were successfully coated on the LiFePO4

particles. The electrochemical properties of LiFePO4/C
composite were investigated by cyclic voltammetry
(CV) curves, electrochemical impedance spectra (EIS),
and electrochemical analysis. The test results showed
that the LiFePO4/C composite possessed outstanding
reversibility, cycle performance, and rate performance.
The discharge capacities of LiFePO4/C were
161.5 mAh g−1 at 0.1 C and 143.6 mAh g−1 at 1 C,
respectively. The excellent electrochemical properties of
the LiFePO4/C electrode were mainly due to the thin,
uniform, and highly graphitized carbon films.

Keywords In situ coating . Ionic liquid . Lithium ion
batteries . LiFePO4

. Electrochemistry . Energy storage

Introduction

Olivine structure lithium iron phosphate (LiFePO4) has
been the focus of an increasing number of research as
cathode materials for lithium-ion batteries (LIBs) due to
its high theoretical capacity, excellent thermal stability,
high energy density, low cost, and non-toxicity. How-
ever, the widespread applications of LiFePO4 cathode
are hindered by its inherent low electronical conductiv-
ity and low Li+ diffusion coefficient (Zhang et al. 2010).
There have been a large number of investigations to
improve the electronical and Li+ conductivity of
LiFePO4, including reducing the particle size of
LiFePO4 (Chang et al. 2014; Li et al. 2014a), optimizing
the morphology (Liu et al. 2011; Sun et al. 2011),
decorating the surface with the conductive agent (Lei
et al. 2009; Wang et al. 2008), and doping the high
valence cation (Ding and Zhang 2012; Pei et al. 2011;
Zhang et al. 2012). Among these strategies, carbon
coating is the most effective one because the carbon
films not only improve the surface conductivity but also
prevent the dissolution and migration of irons, which, in
return, significantly improve the reversibility, capacity,
cycle stability, and rate performance of LIBs (Wang
et al. 2013a; Yang et al. 2013). Previous studies have
reported that, in a large extent, the thickness and unifor-
mity of carbon films determine the electrochemical per-
formance of the carbon-coated electrode (Ait Salah et al.
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2006; Li and Zhou 2012; Li et al. 2014b; Wang and Sun
2012). The work carried out by Dominko and Cho both
have demonstrated that the thickness of carbon films
played a critical role in determining the capacity of
LiFePO4 cathode and thinner carbon films were more
desired (Cho et al. 2009; Dominko et al. 2005). Cho and
coworkers also found that the uniformity of carbon films
in LiFePO4/C was a crucial parameter in determining
the electrochemical performance (Cho et al. 2009).

Manymethods have been used to synthesis LiFePO4/
C materials, including hydrothermal method (Lin et al.
2014; Su et al. 2012; Wang et al. 2013c), solid-state
reactions (Hu et al. 2011; Zhao et al. 2010), microwave
synthesis (Chen et al. 2014), spray drying, and
solvothermal process (Guo et al. 2013; Ren et al.
2013a; Wang et al. 2013b; Zhou et al. 2013). Of these
methods, the carbon coating mechanism can be divided
into two groups: (1) in situ growth and (2)
postannealing. For in situ growth, the LiFePO4 and
carbon films are generated simultaneously by heating
the mixture of the precursors of LiFePO4 and carbon.
While for postannealing, the carbon precursor is mixed
with LiFePO4 and then heated to produce carbon films.
Currently, the most cost-effective method for large-scale
production is the in situ growth as most of the
postannealing methods require long-term annealing,
high temperature, special equipment, or expensive raw
materials.

Previous researches indicated that the carbon precur-
sors play an important role in determining the morphol-
ogy of the coated carbon film and the electrochemical
performance of LiFePO4 (Chen et al. 2016). Zhang and
coworkers introduced an in situ synthesis method for
LiFePO4/C using asphalt as carbon precursor (Wang
and Dai 2010). The obtained carbon films were uneven-
ly coated on the LiFePO4 particles. Chen et al. used
poly(furfuryl alcohol) as carbon precursor to
prepare LiFePO4/C with porous structure. The obtained
carbon film was not uniform and the discharge retention
was 93% at 0.5 C after 50 cycles (Chen et al. 2016).

To improve the quality of carbon films, many mate-
rials have been studied as carbon precursors (Liang et al.
2008; Ni et al. 2010;Wang and Dai 2010). Among these
materials, ionic liquids (ILs) have attracted numerous
interests as carbon precursor due to many of their ben-
eficial properties, such as low viscosity, excellent liquid-
ity, low vapor pressure, and high thermal stability (Ma
et al. 2010). Our previous work indicate that the ILs
have goodwettability on LiFeO4 surface, which benefits

the penetration of ILs into the pores of LiFePO4 parti-
cles, facilitating the formation of uniform and tightly
bonded carbon films on LiFePO4 particles (Meng et al.
2017). More importantly, ILs can introduce doped het-
eroatoms to the carbon films which can enhance the
electrode/electrolyte wettability, the reactivity, the
electronical conductivity and, therefore, the electro-
chemical performance (Li et al. 2009; Liu et al. 2015;
Qie et al. 2012; Ren et al. 2013b). In our previous work,
nitrogen-doped carbon (NDC) was obtained by pyro-
lyzing IL, in which the nitrogen dopant created large
number active sites for Li+ ion adsorption, thus could
greatly improve the specific capacity of the carbon
material (Meng et al. 2017; Meng et al. 2016; Xia
et al. 2017).

In this work, we have produced carbon film-coated
LiFePO4 by using in situ hydrothermal method. To our
best knowledge, this is the first time that ionic liquid
material was used as carbon precursor in this in situ
hydrothermal method. The synthesized LiFePO4/C
was first characterized by a variety of techniques includ-
ing XRD spectroscopy, FTIR spectroscopy, Raman
spectroscopy, and TEM microscopy. The uniformly
coated carbon films had a thickness of 1–2 nm, which
was rarely reported before. The material was assembled
into coin type half-cells to measure the electrochemical
properties. The obtained LiFePO4/C electrode displayed
excellent reversibility, outstanding cycle stability, supe-
rior rate performance, and remarkable charge–discharge
capacity. The improved electrochemical performance of
the LiFePO4/C electrode can be attributed to the special
carbon film structure which shortens the electron path
between LiFePO4 particles. These results indicate that
ILs are suitable carbon precursor for the in situ hydro-
thermal synthesis of LiFePO4/C materials which show
promising applications in energy storage devices.

Experimental

Synthesis of carbon-coated LiFePO4 cathode materials

In a typical synthesis process, the stoichiometric
amounts of LiOH·H2O (98%), H3PO4 (85%), and
FeSO4·7H2O (99%) (molar ratio is 3:1:1) were dis-
solved in distilled water respectively. Afterwards, ionic
liquid [BMIm][N(CN)2] (30 wt%) was added into
mixed solution with vigorous stirring for 30 min. And
then the mixture was transferred to a 200-mL Teflon-
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lined stainless steel autoclave and maintained at a tem-
perature of 180 °C for 10 h. After cooling to room
temperature, the obtained gray dark slurry was centri-
fuged, poured out the upper suspension, washed several
times with distilled water and alcohol, and finally dried
at 110 °C for 12 h to get the mixture of LiFePO4 (before
annealing denoted as LFP/CB). Then, the mixture was
dried and calcined in an argon atmosphere. The temper-
ature starts at 50 to 300 °C (5 °C per minute) keeping
warm for 2 h and heated to 700 °C in the same rate.
During cooling down to the room temperature, carbon-
coated LiFePO4 samples (after annealing denoted as
LFP/CA) were obtained.

Structural and morphology characterization

XRD characterization for LFP/CA and LFP/CB were
investigated using a Rigaku D/max-2500 with Cu Kα
radiation. Elemental analysis was collected with an
Elementar Analysensysteme GmbH varioEL cube.
FTIR spectra of samples were measured on a Nexus
670 FTIR spectrometer. Raman spectra were obtained
from a LabRAM HR UV/vis/NIR (Horiba Jobin Yvon,
France). The SEM images and EDS spectra were ob-
tained by using a scanning electron microscope (JEOL-
7500F) with EDS device. TEM were carried out with a
transmission electron microscopy (JEOL JEM-2010F)
equipment. The electronic conductivity of the carbon-
coated LiFePO4 (before/after annealing) was investigat-
ed by a RTS-9 four-point probe resistivity measurement
system.

Electrochemical characterization

Coin type half-cells (model 2032) were performed in the
electrochemical test. Firstly, the working electrodes
were prepared by using LFP/CB and LFP/CA as the
active materials, polyvinylidene fluoride (PVDF) bind-
er, and conductive carbon blacks (Super-P) in a weight
ratio of 8:1:1. They were mixed in a mortar for 5 min
and then dispersed in N-methyl-pyrrolidone (NMP) and
coated onto an aluminum foil. Secondly, the solvent was
coated onto Al foil and evaporated at 110 °C for 10 h
under vacuum drying box. Half-cells were assembled
inside the glove box using 1 M LiPF6 in a mixture of
EC:DEC (1:1 vol%). For electrochemical testing, the
half-cells were charged and discharged constant current
within a fixed voltage window between 2.5 and 4.2 V
(with the same charge–discharge rates). The charge–

discharge cycling studies of the cells were calculated
by Land CT2001A. Cyclic voltammetry (CV) was per-
formed with an electrochemical workstation (Chi660E,
Shanghai Chenhua instruments) at a scan rate between
0.1 and 0.2 mV s−1. Electrochemical impedance spectra
(EIS) were measured in the frequency range from
0.01 Hz to100 kHz. All cells were tested at room
temperature.

Results and discussion

The formation mechanism of LFP/CA is further inves-
tigated and the schematic illustration is shown in Fig. 1.
First, the small primary nanoparticles begin to assemble
together which involves a short nucleation and the fol-
lowing crystal growth progress (Deng et al. 2012b; Guo
et al. 2013). At the same time, the [BMIm][N(CN)2] is
free from the bondage of the Coulombic forces and
ionized into [BMIm]+ and N(CN)2

−. Then, [BMIm]+ is
decomposed into methyl and butyl groups, while
[N(CN)2]

− is decomposed into triazine ring. These
chemical groups are carbonized at a low temperature
of 180 °C. Since there is a disordered layer on the
surface of LFP/CB, if it is not calcined at high temper-
ature, the disordered layer will affect its capacity. Final-
ly, the LFP/CB is completely carbonated after further
annealing at high temperature.

The XRD patterns of LFP/CB and LFP/CA are
shown in Fig. 2. Both samples display the characteristic
peaks of LiFePO4 which match well with the standard
pattern (Zheng et al. 2015). The strong and sharp peaks
indicate a high degree of crystallinity of the as-prepared
LiFePO4 (Xue et al. 2014). No diffraction peaks of Fe2P,
Fe3P, or Li3PO4, which are usually observed in LiFePO4

products, are observed, indicating a high purity of the
synthesized LiFePO4 (He et al. 2014; Hu et al. 2011;
Long et al. 2014). The elemental analysis shows that
carbon content is only 1.38%; therefore, the diffraction
peak of carbon is not seen in the XRD patterns of LFP/
CB and LFP/CA, which may be due to the low content
of carbon in the samples (Liu and Wang 2014). Among
the indexed peaks, three main peaks centered at 25.6°,
29.9°, and 35.7°, can be attributed to the (111), (121),
and (131) crystal planes of LiFePO4, respectively (Wu
et al. 2009). These results reflect that in situ coating on
LiFePO4 by using [BMIm][N(CN)2] as a carbon source
can produce LiFePO4 with the high crystallinity and
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purity, which are major factors for a high-performance
electrode material.

The FTIR spectra are used to investigate the changes
of chemical groups from IL to LFP/CB and LFP/CA.
Figure 3 exhibits the FTIR spectra of ILs, LFP/CB, and
LFP /CA. The peak of ILs at 3445 cm−1 is due to the
absorbedmoisture in the [BMIm][N(CN)2], which is also
observed in the spectra of LFP/CB and LFP/CA[45]. The
peaks at 3140 cm−1 is caused by the stretching vibrations
of aromatic C–H. The [BMIm][N(CN)2] have three main

bands at 2941, 2873, and 1310 cm−1 which stem from the
asymmetric and symmetric stretching vibrations of ali-
phatic C–H bonds[46]. Bands from 2235 to 2140 cm−1

are due to the stretching vibrations of C≡N in the anion
[N(CN)2]

−. The peak at 746 cm−1 is attributed to the
deformation of C–H bonds. After the heat treatment,
the peaks at 3140, 2941, 2873, 2235, 2140, 1310, and
746 cm−1 disappear, indicating the decomposition of
methyl and butyl groups and the break of C≡N chemical
bonds. The strong absorption peaks of LFP/CB and LFP/

Fig. 1 Schematic illustration of the LFP/CA sample

10 20 30 40 50 60 70 80

2 /°

43
0 11
3

22
2

(0
22
)

( 2
21
)

21
1

10
1

.u.a/ytisnetnI

LFP/CB

LFP standard atlas

LFP/CA31
120
2

12
2

23
111

2
01

2
14

0
13

1
03

1
12

111
1

12
001

1
02

0

Fig. 2 XRD patterns of LFP/CB,
LFP/CA, and LFP standard atlas

196 Page 4 of 13 J Nanopart Res (2018) 20: 196



CA appear at 1129, 1064, and 974.9 cm−1, corresponding
to the bending modes of the (PO4)

3− (Lepage et al. 2011).
The peaks in the range of 639.3 to 465.5 cm−1 raise from
the asymmetric bending of O–P–O (Kumar et al. 2011).
All these vibrations bands are the main peaks of
LiFePO4, indicating the formation of LiFePO4. More-
over, the absorption peak at 1632 cm−1 is due to the
symmetrical stretching of sp2-type bonding of C=C
(Cho et al. 2009; Kumar et al. 2011; Xie et al. 2006).
The LFP/CB sample exhibits the peaks of sp2 carbon,
indicating that the [BMIm][N(CN)2] has been carbonized
at a pretty low temperature of 180 °C.

Raman spectra of the LFP/CB and LFP/CA, as
shown in Fig. 4, are used to analyze the carbon micro-
structure (Ma et al. 2015). It is found that a strong
Raman peak of the LFP/CB and LFP/CA around
947 cm−1 is attributed to the symmetric vibration of
the PO4 group which is detected for the pure LiFePO4

(Liang et al. 2013; Ma et al. 2015; Nakano et al. 2008).
This result is further proof that we have synthesized the
pure LiFePO4 and which is in good agreement with
XRD patterns and FTIR results. The bands of LFP/
CA, located in the range of 1358 and 1593 cm−1 stem
from D-band (the A1g vibration of the disordered car-
bon) and G-band (the E2g vibration the graphitic car-
bon), respectively (Deng et al. 2012a; Deng et al.
2012b). The intensity ratio of D-band to G-band (ID/
IG) is 0.89; the smaller the ID/IG ratio, the higher the
degree of graphitic carbon (Shi et al. 2012). More im-
portantly, graphitization carbon can improve the

electrochemical performance of LFP/CA (Jin et al.
2011; Tang et al. 2013; Xu et al. 2015; Xu et al. 2016).
Because the [BMIm][N(CN)2] are incomplete carboni-
zation in LFP/CB, there is a broad D-band and obvious
G-band. The broad D peak means a higher degree of
disordered carbon (Shin et al. 2001). After annealing,
the broad D-band becomes more obvious and exhibits
a sharp G-band. More importantly, the graphitization
degree has increased and the ratio of disordered car-
bon has decreased tremendously. As expected, all the
results indicate that the surface of LFP/CA particles is
coated by carbon which comes from pyrolysis of
[BMIm][N(CN)2].
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Figure 5a–d shows the SEM images of LFP/CB and
LFP/CA. The average particle size of LFP/CB and LFP/
CA samples are ~ 200 nm, which are confirmed by the
TEM image (Fig. 6). The results indicate that the micro-
structures of the globular LFP/CB are stable enough that
they cannot be destroyed even after high-temperature
treatment. Furthermore, compared with LFP/CB sam-
ple, the morphology of LFP/CA sample is more regular.

Figure 5e, f shows the main elements of LFP/CB and
LFP/CA, which include C, O, Fe, and P. The C is the
main element generated by the thermal pyrolysis of IL.
The O, Fe, and P are the main elements of LFP, and the
low intensity of C indicates a low content of carbon in
LFP/CB and LFP/CA samples.

The TEM images, seen in Fig. 6, show the morphol-
ogy of LFP/CB and LFP /CA. In Fig. 6a, b, d, e,

Fig. 5 SEM images LFP/CB (a, b), LFP/CA (c, d), and EDX spectra of LFP/CB and LFP/CA (e, f)
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LiFePO4 particles appear in dark particles (part 1) and
the carbon materials appear in light layers (part 2). These
carbon materials filled the gap and voids between
LiFePO4 particles, which provides more interface area
between the electrolyte and electrode material, and this
facilitates the penetration of electrolyte into electrode
particles, thus improving the electronic conductivity of
the LiFePO4 particles (Chen et al. 2015). A close look of
the LiFePO4 particles shows carbon films of 1–2 nm that
tightly coat on the LiFePO4 particles (Fig. 6c, f). As
[BMIm][N(CN)2] has good wettability on LiFePO4,
which facilities the penetration of the ionic liquid into
the pores of LiFePO4 particles, strong interface is
formed between the coated carbon film and the LiFePO4

particles after the thermal pyrolysis of [BMIm][N(CN)
2
].

The thin and uniform carbon films can accelerate the
migration of Li+ ions, and because of this, the coated
carbon films can improve the rate capacity of LiFePO4

(Long et al. 2014). The TEM analysis indicates that the
carbon films are uniformly coated on the LiFePO4 par-
ticles and also bridge these particles, which could con-
tribute to the electronic conductivity, thus increasing the
electrochemical performance.

To investigate the electrochemical performance of
LFP/CB and LFP/CA, coin type half-cells is assembled.
Figure 7a shows the CV curves of LFP/CA at 0.1, 0.5,
and 1.0 mVs-1 over the potential range of 2.5–4.2 V. The

potential intervals between redox peaks are 0.29, 0.54,
and 0.72 V at the scan rate of 0.1, 0.5, and 1.0 mVs-1,
respectively. When the scan rate increases, the potential
interval becomes broader. Moreover, the symmetrical
redox peaks suggest an excellent kinetics of LFP/CA.
The electronic conductivity of the carbon-coated
LiFePO4 (before/after annealing) was investigated by a
four probe conductivity system. The electronic conduc-
tivity of the LFP/CB is 7.63 × 10−5 S cm−1, while the
LFP/CA sample is 1.37 × 10−1 S cm−1. Obviously, the in
situ coating technology has the low polarization. What’s
more, it is expected that the LFP/CA prepared through
in situ coating on LiFePO4 by using [BMIm][N(CN)2]
as a carbon source will have enhanced electrochemical
properties, such as rate performance and circulation
property.

As showed from Fig. 7b, in contrast to the LFP/CB,
the oxidation reduction peaks of LFP/CA are more
symmetrical and sharper shape, indicating high electro-
chemical reversibility of the Li+ intercalation/
deintercalation (Zheng et al. 2015). The electronic con-
ductivity of the LFP/CA is enhanced due to the carbon
films of the LFP/CA, which serves as the protective
layer, thus limiting the decomposition of LFP particles
during the cycling process. For LFP/CA, the oxidation
peak and the reduction peak are at around 3.57 and
3.29 V, which correspond to Li+ insertion/extraction.

Fig. 6 TEM images LFP/CB (a–c) and LFP/CA (d–f)
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Furthermore, the separation potential of LFP/CA be-
tween the oxidation peak and the reduction peak is
0.28 V, whereas that of the LFP/CB is 0.54 V. This
indicates that the LFP/CA samples have an excellent
electrode kinetics and lower electrode polarization,
which are consistent with the results of the other groups
(Deng et al. 2012a; Jiang et al. 2015; Sun et al. 2012).
According to the previous results of Raman spectrosco-
py, the smaller separation potential may be attributed to
the higher electronic conductivity of graphitic carbon
(Liang et al. 2013).

Figure 7c, d exhibits the CV curves of the LFP/CA
and LFP/CB by using a scan rate of 0.1 mVs-1 for the
first two cycles. From Fig. 7c, in contrast to the LFP/CB,
the good overlap of the redox peak in the first two cycles
indicates that the electrode of LFP/CA is stable (Luo
et al. 2010).

Figure 8a shows charge–discharge curves of the LFP/
CA and LFP/CB samples for the first cycle at a 0.1 C
rate. It is clearly indicative from the figure that the

reversible first discharge capacity of LFP/CA sample
reaches 161.5 mAh g−1 (the coulombic efficiency is
98.6%), while the discharge capacity of LFP/CA sample
is 62.4 mAh g−1 (the coulombic efficiency is 87.3%).
Moreover, the polarization potential of the LFP/CA
sample is much better than that of LFP/CB sample.
The main reason is the decrease of potential interval
(ΔE) from 150 mV (LFP/CB) to 100 mV (LFP/CA).
This is attributed to the thin, uniform, and highly graph-
itized carbon films derived from [BMIm][N(CN)2] coat-
ed on the LiFePO4 particles, which can enhance the
surface electronic conductivity, thus alleviating the elec-
trode polarization. Figure 8b displays the first, tenth,
twentieth, and fiftieth cycles profiles of the LFP/CA
sample at a 0.1 C rate. It can be seen that LFP/CA
sample still has super charge–discharge (161.9/
160.6 mAh g−1) stability, even after 50 cycles, which
is due to the electronic conductivity of LiFePO4 that has
been improved by the thin and highly graphitized car-
bon films.
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The rate capabilities of the LFP/CA sample at the
rates of 0.1, 0.5, 1, 2, and 10 C are shown in Fig. 8c.
From 0.1 to 2 C, the capacity loss of the LFP/CA sample
is only 19.8%. Even though at a high rate of 10 C, LFP/
CA material still has a high capacity of 93.7 mAh g−1,
which shows its excellent rate capability. What’s more,
when the rate returns to 0.1 C, the LFP/CA sample has a
discharge capacity of 164.3 mAh g−1. The results

indicate that the LFP/CA sample has high electrochem-
ical reversibility, which are consistent with the CV mea-
surement results.

Figure 8d shows the cycle capacity of LFP/CA, LFP/
CB, and LFP (before annealing) samples under the 0.1 C
rate. It can be found from Fig. 7d that the discharge
capacity of LFP/CA sample is 161.5 mAh g−1 in the first
cycle and remained 159.7 mAh g−1 after 130 cycles at
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0.1 C. And yet, the performance of LFP/CB is low and
decreases with the cycle number. While the he initial
d ischarge capac i ty of LFP sample is only
50.9 mAh g−1.The reason for that is because the disor-
dered carbon layer of LFP/CB has bad electric conduc-
tivity. Another reason is because LFP/CB particles have
a disordered surface layer, which will result in an in-
crease of the electric resistance. While for LFP sample,
the carbon films inhibit the growth of LFP particles,
which, in turn, reduces the path of Li+ insertion and
deinsertion. Therefore, the structure of the active mate-
rial should be an important factor affecting the perfor-
mance of the discharge capacity and cycling stability.
The experimental results show that LFP/CA synthesized
by in situ coating on LiFePO4 using [BMIm][N(CN)2] as
a carbon source has good electrochemical performances.
Figure 7e shows the high rate cycle capacity of LFP/CA
sample under the 1 C rate. The initial discharge capacity
of LFP/CA sample is 135.2 mAh g−1 in the first cycle
and remained 143.2 mAh g−1 even after 50 cycles at 1 C.

Figure 9 shows AC impedance measurements of
LFP/CB and LFP/CA, which are in order to further
analyze the dynamic characteristic of the samples. It is
noted that the semicircles are related to the charge
transfer resistance between the electrolyte and the active
material. The slope lines are attributed to Warburg im-
pedance in the lower frequency. The former is caused by
charge transfer progress, while the latter is caused by Li+

diffusion in LiFePO4 electrode (Liu et al. 2009; Pei et al.
2011; Wang and Dai 2010). The charge transfer resis-
tance of LFP/CB (233.5Ω) is far more than that of LFP/
CA (74.2 Ω). Moreover, LFP/CA line slope in low
frequency is much smaller than that of LFP/CB, indi-
cating the lower Warburg impedance (Pei et al. 2011).

AC impedance spectra is applied on the basis of
equivalent circuit displayed in the inset of Fig. 8. The
impedance spectra can be explained on the basis of an
equivalent circuit with the charge transfer resistance
(R2), Warburg impedance (W1), the double layer
(CPE1), and the ohmic resistance (R1) (Xia et al.
2011). The results indicate that total electric resistance
of LFP/CA is decreased by conductive carbon films
coating. It is for this reason that the high electronic
conductivity of the LiFePO4 by coating carbon films
and the efficient contact between electrochemical active
particles.

Conclusions

In summary, we have elaborated a method for the prep-
aration of LFP/CA sample by in situ coating on
LiFePO4 by using [BMIm][N(CN)2] as a carbon source.
Based on the FTIR, Raman, SEM, and TEM results, the
ILs are free from the bondage of the coulomb force to
split into [BMIm]+ and [N(CN)2]

−; then, [BMIm]+ is
decomposed into methyl and butyl groups and
[N(CN)2]

− is decomposed into triazine ring. After an-
nealing, the LFP/CB is then completely carbonated and
the graphitization degree has increased and the ratio of
disordered carbon has decreased tremendously. The
sample shows excellent charge–discharge capacity of
163.8/161.5 mAh g−1 in the first cycle and remained
161.6/159.7 mAh g−1 after 130 cycles at 0.1 C. The
LFP/CA sample also has superb rate capabilities. Even
at a high current density of 10 C, LFP/CA material still
has a high capacity of 93.7 mAh g−1. The outstanding
electrochemical performance is attributed to the thin,
uniform, and highly graphitized carbon films (only 1–
2 nm). It creates electron paths, thus greatly increase the
electronic conductivity of LFP/CB. Moreover, the high-
graphitized carbon films can transport the Li+ with a
high speed during charge–discharge process. Our results
prove that [BMIm][N(CN)2] is a perfect carbon source
for the preparation of LFP/CA cathode materials with
high electrochemical performance. Therefore, in situ
coating on LiFePO4 by using [BMIm][N(CN)2] as a
carbon source provides a novel and facile method for
electrochemical energy storage.
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