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A series of LiFePO4/porous carbon composites with different LiFePO,4 loading amounts were prepared
by impregnation from ethanol solution of the LiFePO4 precursors. The samples were characterized using
X-ray powder diffraction (XRD), thermogravimetry (TG), differential scanning calorimetric (DSC), trans-
mission electron microscopy (TEM) and nitrogen sorption prior to the electrochemical testing. The size
and morphology of the porous carbon supported LiFePO4 nanoparticles depended strongly on the LiFePO4

loading amounts. The impact of LiFePO,4 loading on the electrochemical performance of the composites
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was discussed in detail. Among all the samples, the LiFePO4/microporous carbon composites with the
LiFePO4 loading amount of 19.10 wt.% and 35.58 wt.%, respectively, demonstrated high rate performance
with discharge capacity of 60 mAhg~' and 66 mAhg~' at 50 C.

© 2010 Elsevier B.V. All rights reserved.

1. Introduction

In recent years, lithium-ion battery has captured a large share of
the rechargeable battery market for its great potential to be used as
power sources for electric vehicles (EVs) and hybrid electric vehi-
cles (HEVs)[1,2]. Since the pioneering report by Padhi et al., olivine
based lithium iron phosphate has attracted attention attributed
to its overwhelming advantages, such as high theoretical capac-
ity of 1770mAhg-1, redox potential of 3.5V versus Li/Li* located
in the electrochemical stability window of common non-aqueous
electrolytes, low cost, natural abundance and environmental pro-
tection [3-8]. However, its large-sized appliance is hampered by
its poor performance at high rates as it is a poor conductor of both
electrons and Li* ions [9-12]. At room temperature, the electronic
conductivity of pristine LiFePOy is only 10-2-10-10 S cm~! because
the polyanions with strong P-O covalence in LiFePO4 separate the
FeOg octahedra and dramatically reduce the electronic conductiv-
ity of the material [13,14]. Besides, Li* ion motion in the olivine
crystal structure occurs through one-dimensional channels, which
are susceptible to blockage by defects and impurities [15-17]. Con-
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siderable efforts in improving the rate capability of LiFePO4 have
focused on strategies as follows: (1) improving the electronic and
lithium ionic conductivity by doping aliovalent cations on the Li*
or Fe2* sites [18-20], (2) enhancing the electronic conductivity
by carbon coating or conductive polymer coating [21-23], and
(3) reducing the diffusion distance of Li* by preparing nanosized
LiFePO4 materials [24-26].

Nanoparticles with controllable and uniform size supported on
carbon are interesting materials for a wide range of applications,
such as catalysis, fuel cell, hydrogen storage and supercapacitor
[27-30]. The unique properties associated with these materials
are due to the specific concentration, size and distribution of the
nanoparticles within their host environments [31]. Carbon sup-
port is often used attributed to its high surface area and chemical
inertness, especially in strong basic and acid environments [32].
In this work, the disordered microporous carbon AC-K5 synthe-
sized by KOH activation of activated carbon in mass ratio of 1:5
[33], and the ordered mesoporous carbon CMK-3 [34] prepared
by using ordered mesoporous silica molecular sieve SBA-15 as
the template and sucrose as the carbon source, were used as the
supports for LiFePO4 nanoparticles, respectively. Since CMK-3 is
exactly an inverse replica of SBA-15, the characters of CMK-3 can
be tailored depending on the synthetic condition of SBA-15 [35,36].
In order to obtain shorter mesochannels favorable for mass trans-
fer, the hydrothermal temperature of SBA-15 was raised to 160°C,
abbreviated as SBA-15-160. Instead of the solid-state or solution
synthesis of LiFePO4 nanoparticles coated with carbon [37,38,15],
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where carbon may not cover the entire LiFePO4 surface leading to a
discontinuous and hence insufficient conductive network [39,40],
the LiFePO4/C composites with a continuous porous carbon net-
work were prepared here. The impact of LiFePO4 loading on the
electrochemical performance of LiFePO4/C composites was stud-
ied systematically. This study is dedicated to building an energy
storage system, which can keep the advantages of both high rate
capability and large capacity.

2. Experimental
2.1. Preparation of AC-K5

The AC-K5 was synthesized through KOH activation of activated carbon accord-
ing to the literature [33]. The mixture of the activated carbon (AC, Shanghai Dahe
Chemical Reagent Ltd., chemically pure) and KOH in mass ratio of 1:5, was heated to
750°C with a heating rate of 1.25°Cmin~! under argon. After another 1 h at 750°C,
the obtained product was washed with 3 M hydrochloric acid and deionized water
before dried at 100°C for 12 h.

2.2. Preparation of SBA-15-160 and CMK-3-160

The SBA-15-160 was prepared [41,42] by dissolving 4.0g of Pluronic P123
triblock copolymer in the mixture of 130 mL of deionized water and 20 mL of con-
centrated HCI (35 wt.%) with stirring at 35°C, followed by adding 8.5 g of TEOS. The
mixture was stirred at 35 °C for 20 h, and then transferred to an autoclave for further
reaction at 160°C for 48 h. The solid product was filtered, washed with deionized
water, dried at 60 °C overnight and finally calcined in air at 550 °C for 6 h to remove
the P123 template.

In a typical synthesis of CMK-3-160 (160 denotes the hydrothermal temperature
of SBA-15 template) [34,42], 1.0 g of the SBA-15-160 was impregnated with aqueous
solution obtained by dissolving 1.3 g of sucrose and 0.14 g of H,SO4 in 5.0 g of deion-
ized water. The mixture was then dried at 100°C for 6 h, and at 160 °C for another
6 h. The resulted powder was treated again at 100°C and 160 °C for 6 h, respectively,
after the addition of 0.8 g of sucrose, 0.09 g of H,S04 and 5.0 g of deionized water.
The carbonization was completed by heating at 900 °C for 6 h under nitrogen. The
silica template was dissolved with 5wt.% hydrofluoric acid at room temperature.
The template-free carbon thus obtained was filtered, washed with deionized water
and ethanol, and dried at 100°C overnight.

2.3. Synthesis of the LiFePO4/C composites

The LiFePO4/AC-K5 composites with different LiFePO4 loading amounts of theo-
retical 20 wt.%, 36.9 wt.%, and 60 wt.% abbreviated as LFP/CA-1, 2 and 3, respectively,
were prepared by using AC-K5 as the support. Each sample was synthesized with
stoichiometric amounts of Fe(NO3)3;-9H,0 (Sinopharm Chemical Reagent Co., Ltd.,
98.5%), LiC;H30,-2H,0 (Shanghai Fine Chemical Co., Ltd., Shun Feng, 99.0%) and
H3PO4 (Sinopharm Chemical Reagent Co., Ltd., 85.0%). In a typical synthesis of
LFP/CA-3, 5.9 g of Fe(NO3)3-9H,0, 1.5 g of LiC;H30,-2H,0, and 1.6 g of H3PO4 were
dissolved in 20 mL of ethanol with stirring. Then, the transparent solution was incor-
porated into 2.5 g of AC-K5, followed by drying at 90 °C with stirring. The resulted
powder was impregnated again using the solution of 3.9 g of Fe(NOs)3-9H,0, 1.0g
of LiC;H30,-2H,0 and 1.1 g of H3PO,4 dissolved in 20 mL of ethanol, followed by
drying at 90 °C with stirring prior to calcination. The powder was heated to 300°C
at 2°Cmin~" and held at 300°C for 5h, before heated at the same rate to 700°C
and held at 700 °C for another 5 h. The calcination was performed under a reductive
atmosphere (95% Ar, 5% H;) to ensure that Fe3* ions were completely reduced to
Fe2* ions, and the product was left under the reductive atmosphere until it cooled to
room temperature. For preparing the LiFePO4/CMK-3-160 composites with different
LiFePO4 loading amount of theoretical 36.9 wt.%, 50 wt.%, and 60 wt.% abbreviated
as LFP/CC-1, 2 and 3, respectively, the similar experiments were performed except
for using CMK-3-160 as the support.

2.4. Characterization

The structure of the samples was evaluated by X-ray powder diffraction (XRD)
recorded on a Rigaku D/MAX-2250V diffractometer using Cu Ka radiation (40 kV
and 40 mA). Transmission electron microscopy (TEM) images and high-resolution
transmission electron microscopy (HRTEM)images were taken on a JEOL (JEM-2010)
microscope at an accelerating voltage of 200kV, which equipped with selected
area electron diffraction (SAED) and OXFORD Links ISIS energy-dispersive X-ray
(EDX) analyses system. The samples were ultrasonic dispersed in ethanol, deposited
and dried on a holey carbon film on a copper grid prior to analysis. Nitrogen
adsorption-desorption isotherms at 77 K were performed on a Micromeritics Tris-
tar 3000 instrument. Before measurement, all the samples were dried at 150 °C for
12 h under nitrogen. The specific surface area and pore volume were calculated
by the Brunauer-Emmett-Teller (BET) and Barrett-Joyner-Halenda (BJH) method,
respectively [42]. The carbon content of the LiFePO4/C composites was revealed
by the thermogravimetry (TG) and differential scanning calorimetric (DSC) analyses

[
Q
o
k
o
wn
= g—-»-é g"‘ EJ"‘A»-\ S o —_
T oS& 23 o - — Non—~
S 18§ [ 8 [88: cS285gsg €
> A P A e IO S
= LFP/CC-3
[=
] A LFP/CC-2
[=
£ LFP/CC-1
A J.J l_.h.l A it Ao A
LFP/CA-3
N I ST O AR
N LFP/CA-2
A A A
LFP/CA-1
20 30 40 50 60
20 / degree

Fig. 1. XRD patterns of the LiFePO4/C composites with different carbon supports
and contents.

on a STA-409PC/4/H Luxx simultaneous TG-DTA-DSC apparatus (Netzsch, Germany)
between 30°C and 950 °C with a heating rate of 10°Cmin~" in air.

2.5. Electrochemical analysis

The homogeneous cathode slurry was prepared by milling a mixture of active
material, carbon black (Alfa Aesar), poly (vinylidene fluoride) (PVDF, Alfa Aesar) in
the weight ratio of 7.5:1.5:1.0 in N-methyl-2-pyrrolidone (NMP, Sinopharm Chem-
ical Reagent Co., Ltd.) solvent using a mortar and pestle, before coated onto the Al
foil collector. After the solvent evaporation, the electrodes were punched into disks
coated with a thin film of 14 mm in diameter and 0.12 mm in thickness, and then
dried at 60 °C for 12 h under vacuum. CR2032 coin cells were assembled in an argon-
filled glove box for electrochemical testing, which were composed of a lithium foil as
the anode, 1 M LiPFg dissolved in a 1:1 (v/v) mixture of ethylene carbonate (EC) and
diethyl carbonate (DEC) as the electrolytes, Celgard polypropylene separator and
the prepared cathode sheet. Charge/discharge testing of the cells was undertaken
in a potential range of 2.5-4.2V using a LAND 2001 CT battery test system.

3. Results and discussion
3.1. Structure and composition

As the XRD patterns of LiFePO4/C composites shown in Fig. 1,
each sample can be assigned to olivine LiFePO4 with orthorhom-
bic lattice (Pnma) and there are no detected impurity phases. The
intensity of the diffraction peaks gradually increases along with
the increased LiFePO,4 loading amount. The observed unconspicu-
ous broad wave bands with 26 between 15° and 35° for LFP/CA-1
and LFP/CC-1 are due to the presence of large amounts of amor-
phous carbon. A reflection peak typical for the (100) plane can be
observed in the small-angle XRD pattern of CMK-3-160 support
(see the supporting information, Fig. S1), indicating the ordered
two-dimensional hexagonal (P6mm) mesostructure [34]. However,
no evident peaks can be found in the small-angle XRD patterns of
LFP/CC samples (not shown in Fig. 1), indicating that most of the
ordered structure was destroyed in the loading process [43].

The carbon content of LiFePO4/C composites was revealed by
the TG and DSC analyses. In the TG curve of LFP/CA-3 (Fig. 2a),
the weight loss takes place in three steps appearing at 35-150°C,
200-320°C and 320-630°C with a total weight loss of 42.0%. The
first one occurs from 35 °C to around 150 °C, attributed to the evap-
oration of H,0. The other steps take place from 200 °C, including
both the weight loss due to the carbon oxidation and the weight
gain due to the FeZ* oxidation. As the especially large surface area
and well developed porous structure of AC-K5 [33] and the catal-
ysis of Fe facilitate the oxidation of carbon, the temperature of
the carbon oxidation starts lower than usual. The weight loss at
200-320°C is most likely due to the partial oxidation of carbon,
which further oxidizes at 320-630°C. In accordance with the TG
data, there are one endothermic and two exothermic peaks appear-
ing in the DSC curves correspondingly, indicating the evaporation
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Fig. 2. TG and DSC curves of (a) LFP/CA-3, (b) LFP/CA-2, (c) LFP/CA-1, (d) LFP/CC-3, (e) LFP/CC-2, and (f) LFP/CC-1.

Textural properties of the LiFePO4/C composites with different carbon supports and contents.

Theoretical carbon contents (wt.%)

Carbon contents? (wt.%)

Samples Sper? (m2g~1) Pore sizes® (nm) Pore volumes® (cm? g—1)

AC-K5 2894 2.44 1.46 100 -
LFP/CA-1 1397 2.65 0.70 80.0 80.90
LFP/CA-2 1282 2.66 0.64 63.1 64.42
LFP/CA-3 708 2.76 0.35 40.0 39.07
CMK-3-160 714 6.15 0.92 100 -
LFP/CC-1 572 5.87 0.65 63.1 63.56
LFP/CC-2 424 6.00 0.49 50.0 47.99
LFP/CC-3 356 6.00 0.40 40.0 37.13

Surface areas calculated by the Brunauer-Emmett-Teller (BET) method.

Total pore volumes measured at p/po =0.97.

a
b BJH desorption average pore diameters (4V/A).
C
d

The weight contents of carbon estimated from thermogravimetry (TG) analyses.
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Fig. 3. Nitrogen adsorption-desorption isotherms of (a) AC-K5 and LFP/CA compos-
ites and (b) CMK-3-160 and LFP/CC composites.

of H,0 and stepwise oxidation of carbon. It should be mentioned
that in the temperature range of 230-530°C, the oxidation of
Fe?* ions took place (12LiFePO,4+30, — 4LizFe,(P0O4)3 +2Fe,03)
and the theoretical weight gain of 5.07% for the sample should
be observed [44,45]. However, since the weight gain during the
oxidation of LiFePO4 was much less than the weight loss in the oxi-
dation of carbon, both the TG and DSC features for the oxidation
of LiFePO4 were heavily screened by the strong exothermic oxida-
tion bands of carbon appearing as a small shoulder at 380-450°C.
For the same reason, the TG and DSC behaviors of other samples
shown in Fig. 2 are similar. The actual carbon content can be cal-
culated from the TG data [44] and the results are summarized
in Table 1.

3.2. Textural properties and morphology

The nitrogen adsorption-desorption isotherms of AC-K5 and
LFP/CA composites shown in Fig. 3a are mixed types I and IV with
well-defined plateaus, indicating the apparent micropore charac-
ter. The nitrogen sorption isotherms of CMK-3-160 and LFP/CC
composites shown in Fig. 3b are type IV according to the IUPAC clas-
sification and exhibit a H1 hysteresis loop typical for mesoporous
structure. As listed in Table 1, the BET surface area and pore vol-
ume of LFP/CA and LFP/CC composites systematically decrease with
increased LiFePO4 content, respectively. The variation in the pore
size of LFP/CC composites affirms that most of the LiFePO4 particles
grew on the surface of CMK-3-160 with increased LiFePO4 loading
amount. Compared with the LFP/CC composites, it is worth men-
tioning that the surface areas of LFP/CA composites are much larger
due to the presence of AC-K5 support with especially large surface

area, which is attributed to the well developed micropore structure
of AC-K5.

TEM images shown in Fig. 4a and b for LFP/CA-1 reveals a
good dispersion of sphere-like LiFePO,4 nanoparticles (10-50 nm)
on the AC-K5 support. AC-K5 formed a framework to bind LiFePO4
particles together and provided a hindrance to the growth and
aggregation of crystalline. As AC-K5 is a microporous carbon
into which the ions of precursor hardly immerge, the espe-
cially large surface area of AC-K5 plays a dominating role in
forming uniform LiFePO4 nanoparticles on the support. However,
the morphology control effect of AC-K5 weakens with increased
LiFePO4 content. Large and irregular LiFePO4 particles are more
frequently observed in Fig. 4c-f, reflecting the influence that heav-
ier LiFePO4 loading leading to a higher degree of the growth
and aggregation of crystalline with a wider size distribution of
20-300 nm for LFP/CA-2 and 20-800 nm for LFP/CA-3, respectively.
The LiFePO4 nanoparticles in LFP/CA-3 were further investigated
by HRTEM and SAED. A highly crystalline character with a dis-
tinct lattice spacing of 0.511nm corresponding to the (020)
plane is observed in the HRTEM image (Fig. 4g). The single crys-
tal nature and the relevant XRD results of LiFePO4 particles are
obviously supported by the SAED pattern (Fig. 4h). For LFP/CC-
1, well dispersed sphere-like LiFePO4 nanoparticles (15-70 nm)
were incorporated with CMK-3-160 (Fig. 5a), as the confine-
ment effect of the mesochannels in CMK-3-160 acted when the
LiFePO4 precursor condensed. However, further increasing the con-
tent of LiFePO4, more aggregates are found as shown in Fig. 5b
and c. Similarly, the confinement effect of CMK-3-160 on crystal
growth and aggregation weakens with increased LiFePO,4 loading
amount.

3.3. Charge/discharge behaviors

The typical charge/discharge processes of AC-K5 and LFP/CA
composites in 2.5-4.2V at 0.2 C are shown in Fig. 6a and b, and
the result of each LFP/CA composite was based on the whole
composite, containing both the LiFePO4 and carbon. It is obvi-
ous that four cells showed different electrochemical behaviors. As
shown in Fig. 6a, the discharge capacity of AC-K5 is 32.2 mAhg~!
attributed to the interfacial anion adsorbing/desorbing process. The
discharge capacity increased to 68 mAhg~! for LFP/CA-1 after AC-
K5 loaded with 19.10 wt.% LiFePO4, which shows two modes of
energy storage resulting in slope of the charge/discharge plateau
[46,47]. The discharge capacity shown in Fig. 6b is 92.2mAhg-!
for LFP/CA-2 and 122.5mAhg-! for LFP/CA-3, respectively, with
much flatter and longer discharge plateaus compared with that
of LFP/CA-1, indicating that more LiFePO4 component brought
charge storage ability into act. As to CMK-3-160 and LFP/CC
composites, the typical charge/discharge processes in 2.5-4.2V
at 0.2C are shown in Fig. 6c and d, and the result of each
LFP/CC composite was based on the whole composite, contain-
ing both the LiFePO4 and carbon. As shown in Fig. 6¢c, the
discharge capacity of CMK-3-160 was 52.9mAhg-!, attributed
to the interfacial anion adsorbing/desorbing process. The dis-
charge capacity of LFP/CC-1 was 87.6mAhg-!, with a capacity
enhancement of 66% compared with that of CMK-3-160. The dis-
charge capacity and the capacity enhancement compared with
that of CMK-3-160 are 114.4mAhg-! and 116% for LFP/CC-2, and
93.7mAhg-! and 77% for LFP/CC-3, respectively (Fig. 6d). The
capacity enhancement is caused by the introduction of LiFePO,
with high capacity. Based on the results, it can be deduced
that the whole charge/discharge processes of both LFP/CA and
LFP/CC composites include not only the extraction/insertion of
Li* ions in LiFePO4, but also the electric double-layer electro-
static adsorbing/desorbing of PFg~ in porous carbon, combining
both the faradic energy storage and electric double-layer energy
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Fig. 4. TEM images of (a and b) LFP/CA-1, (c and d) LFP/CA-2, and (e,and f) LFP/CA-3. And (g) HRTEM image and (h) SAED pattern of the LiFePO4 particle in LFP/CA-3.
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Fig. 5. TEM images of (a) LFP/CC-1, (b) LFP/CC-2, and (c) LFP/CC-3.

storage. It is noteworthy that LFP/CA-2 reached higher capac-
ity than LFP/CC-1, and LFP/CA-3 reached higher capacity than
LFP/CC-3, respectively, though the capacity of AC-K5 support was
much lower than that of the CMK-3-160 support. As the car-

Cell voltage / V vs. LilLi*

Cell voltage / V vs. Li/Li*

Fig. 6. Typical charge/discharge curves of (a) AC-K5 and LFP/CA-1, (b) LFP/CA-2 and 3, (c¢) CMK-3-160 and LFP/CC-1, and (d) LFP/CC-2 and 3 at 0.2 C.
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Fig. 7. Cycling performance of (a) LFP/CA-1, (b) LFP/CA-2 at different rates from 0.2 C to 50 C and finally back to 0.2 C, and (c) LFP/CA-3 from 0.2 C to 30 C and finally back to
0.2C. The inset in (a) is typical discharge curves of LFP/CA-1 at different rates from 0.2 C to 2 C, and the order of the discharge curves is as shown by the arrow.

3.4. Cycling and rate performance

The LFP/CA batteries were cycled ten times at each rate from
0.2 C to 50C to determine the available capacity for each sample
and finally cycled at 0.2 C again to ensure that the electrode had
completely recovered from the cycling at high rates. Each result
was based on the whole composite, containing both the LiFePO4
and carbon. For LFP/CA-1, as shown in the inset of Fig. 7a, the dis-
charge curves at different rates are characterized by three distinct
features commonly seen in the literatures of LiFePO,4 electrodes,
namely (1) a flatter plateau at low rate due to the coexistence
of two phases during discharge; (2) a decrease in the plateau
potential with increased current rate; and (3) an increased slope
in the plateau region with increased current rates. It indicates a
drop in the utilization of LiFePO,4 through two-phase redox reac-
tion between LiFePO,4 and FePO4 with increased current rates. The
fluctuation and fading of capacity became more serious after 30 C
(Fig. 7a). The following reasons are inferred. First, SEI film partially

breaks up and repairs by itself at high rates due to the change of the
structure of material, leading to increased polarization and uncer-
tain consumption of Li*. Second, resistance at the interface between
the material and current collector may cause heat generation, espe-
cially at high current rates, leading to fluctuation and fading of
capacity since the electrochemical performance of battery is sensi-
tive to temperature. The discharge capacity of LFP/CA-1 in the tenth
cycle of 50 Cis 60 mAh g1, corresponding to the capacity retention
of 88%, compared with the value of 68 mAh g1 in the tenth cycle of
0.2 C. The excellent capacity retention is attributed to the follow-
ing reasons: (1) the charge transfer is efficient as AC-K5 maintains a
continuous and conductive network; (2) the reducing particle size
distributed in 10-50nm and the homogeneous sphere-like mor-
phology improve the lithium-ion transition rate by decreasing the
diffusion distance; and (3) both the interaction between electrode
and electrolyte and the adsorption of Li* from electrolyte are facili-
tated by the large surface area of LFP/CA-1 and the porous structure
of AC-K5 support. The discharge capacity of LFP/CA-2 in the tenth
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Fig. 8. Comparison of the cycling performance of LFP/CC composites at different
rates from 0.2Cto 15C.

cycle of 0.2C and 50C was 101 and 66 mAhg~! (Fig. 7b), respec-
tively, corresponding to the capacity retention of 65%. The discharge
capacity of LFP/CA-3 in the tenth cycle of 0.2 Cand 30 Cwas 130 and
40mAhg-! (Fig. 7c), respectively, corresponding to the capacity
retention of only 31%. The capacity retention of LFP/CA compos-
ites obviously decreased as the LiFePO,4 loading amount increased,
caused by the large size of LiFePO4 particles together with the evi-
dently decreased surface area. Full recovery of the capacity with
slightly higher value was observed in all the LFP/CA samples when
the current rate returned to 0.2 C after hundreds of cycles, indi-
cating their excellent cycling stability. The LFP/CC batteries were
cycled ten times at each rate from 0.2C to 15C to determine the
available capacity for each sample as shown in Fig. 8. Compared
with the discharge capacity at 0.2 C in the tenth cycle, the capac-
ity retention at 15C in the sixtieth cycle is 60% for LFP/CC-1, 55%
for LFP/CC-2 and 39% for LFP/CC-3, respectively. The capacity reten-
tion of LFP/CC composites decreased as the LiFePO,4 loading amount
increased, illustrating the same trend with the LFP/CA composites
due to the above reason.

There has been some similar research work before, such as
LiFePO4/AC composite with the LiFePO4 content of 21.1wt.%
showed a capacity of 40.08 mAhg-1 at 4C [47], which was much
lower than the value achieved by LFP/CA-1; and LiFePOg4/carbon
monolith sample with the carbon content of 68% reached
100mAhg-! at 0.1C [46], which was comparable to the value
achieved by LFP/CA-2. The enhancement of large carbon content
on the rate performance of LiFeggPy950,4_g has been researched
by Kang and Ceder before [17]. However, unlike Kang’s work, in
which the 65 wt.% carbon black was added as an electric additive
in preparing the tested electrode, the material presented in this
work inherently featured a continuous porous carbon network over
which LiFePO4 nanoparticles loaded offering structural connection.
The concept of combination of two modes of energy storage such
as supercapacitor and battery may have a significant impact on the
rate performance of lithium-ion battery.

4. Conclusions

Well dispersed LiFePO4 nanoparticles combining the disor-
dered microporous carbon AC-K5 and ordered mesoporous cabon
CMK-3-160 as a support, respectively, were prepared by impreg-
nation. The size, morphology and dispersibility of the resultant
LiFePO,4 nanoparticles were observed with great dependence on
the LiFePO4 loading amount. Lower loading amount of LiFePO,
resulted in more homogeneous dispersion of particles with nar-
rower size distribution. Among all the samples, LFP/CA-1 and
LFP/CA-2 demonstrated preferable rate capability with discharge
capacity at 50C of 60mAhg-! and 66 mAhg-!, respectively. The
material is potentially ideal at high rate attributed to the structure
of small LiFePO4 nanoparticles supported on a continuous porous

carbon network with high surface area, through which both the
transition of Li* ions and electrons improves. Though the work pre-
sented here may not be suitable for the real application of battery
now due to the large contents of carbon, the related research on new
material design combining both the high rate capability of super-
capacitor and large capacity of battery thus blurring the traditional
distinction between them is thought to be meaningful.
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