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Abstract. Olivine compounds LiFePO,4 were prepared by the solid state reaction, and the electrochemical
properties were studied with the composite cathode of LiFePO,/mesocarbon nanobead. High discharge
rate performance can be achieved with the designed composite cathode of LiFePOs/mesocarbon
nanobead. According to the experiment results, batteries with the composite cathode deliver discharge
capacity of 1087mAh for 18650 type cell at 20C discharge rate at room temperature. The analysis shows
that the uniformity of mesocarbon nanobead around LiFePO, can supply enough change for electron
transporting, which can enhance the rate capability for LiFePO, cathode lithium ion batteries. It is
confirmed that lithium ion batteries with LiFePO, as cathode are suitable to electric vehicle application.

Introduction

LiFePOy4 has been studied intensively as a potential cathode material for rechargeable Li-ion batteries
in recent years [1]. The main drawback with this material is its low electrical conductivity, which
limits its electrochemical properties. Many studies on this material were devoted to overcome this
problem. It has been found that reducing the particle-size, doping with metal ions and coating or
blending with conducting agents such as carbons are effective methods to improve the electrical or
1onic conductivities [2—4].

Our previous report showed that the excellent properties of LiFePO, materials were obtained [5].
However, the poor rate performance limited its practical applications in areas where high power
density batteries are required such as electrical vehicles and power tools. In this paper, we reported the
enhanced rate performance of lithium ion batteries made of composite cathode of
LiFePOs/mesocarbon nanobead.

Experimental

LiFePO4 powder was prepared by a solid state reaction. Li,COs3, FeC,04-2H,0 and NH4H,PO, were
dispersed into acetone and then thoroughly mixed and reground by energy ball milling. After the
evaporation of acetone, the powders were calcined at 700 °C for 24 h in a nitrogen atmosphere.
Mesocarbon nanobead samples were provided by Beijing Pines Energy Co., Ltd.

The XRD (X-ray diffraction) patterns of the calcined powder were collected for structural analysis.
The XRD data were obtained over an angular 20 range from 10 to 70° with a step size of 0.02° and a
constant counting time of 1 second per step. Powder morphologies were observed by SEM (scanning
electron microscope).
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92%LiFePO4 powder, 5%MCMB, 3%PVDF
(poly vinylidene fluoride) binder and NMP
(N-methylpyrrolidone) organic solvent were
blend together in a high-speed mixer. The
viscous slurry was then coated onto an aluminum
foil current-collector and dried at 120 °C under
vacuum for 24 h. The resulting electrode was
used as a cathode. The cell was assembled using
the above mentioned cathode, the anode made
from natural graphite and PVDF binder, the
separator of Celgard 2400 microporous
membrane, and electrolyte solution of 1.2
MLIiPF¢ in a mixture solvents of EC (ethylene
carbonate), PC (propylene carbonate) and DMC
(dimethyl carbonate).

Results and Discussion

Fig. 1 shows the XRD pattern of the mesocarbon
nanobead powder. The mesocarbon nanobead
powder has a strong (002) diffraction line. The
degree of graphitization was estimated by
g-factor, which is defined as (0.3440 -
do2)/(0.3440 — 0.3354) [6]. The content of
graphitization is 48.8%. The morphology
observed by SEM is shown in Fig. 2. The
mesocarbon nanobead powder has a spherical
shape and an average particle size of 300-600nm.

At the low discharge rate (1100mA),
1130mAh were delivered for cell type 18650 at
50th cycle.
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Fig. 1. Powder XRD pattern of the
mesocarbon nanobead
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ig. 2. SEM image of the mesocarbon
nanobead

Fig. 3 shows the cycle properties of cell type 18650 with LiFePO4 as cathode. Cells were
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Fig. 3. Discharge capacity profiles for a cell prepared with the composite cathode of LiFePO./
mesocarbon nanobead, 10C (11000mAh), 15C (16500mAh) and 20C (22000mAh)
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discharged with different electrical currents ranging from 10 to 20C. The cells are cycled between
voltages range of 2.00 — 3.65V. All cells were charged with the same current (1C, 1100mA). The
discharge capacity is 1045mAh at the 50" cycle at 10C discharge rate. A maximum discharge capacity
of 1054mAh was obtained at 18" cycle at 15C discharge rate. A maximum discharge capacity of
1087mAh was achieved at the 6™ cycle under the 20C discharge rate. Many works reported that
lithium battery use LiFePO, as cathode materials to improve rate performance. A good voltage
plateau remained above 3 V even at the 10 C rate [7]. The synthesized LiFePO4 exhibits a material
utilization of more than 59% at a rate as high as 5 C [8].

The enhanced conductivity and the excellent high rate performance of the composite cathode of
LiFePO4/mesocarbon nanobead can be explained in Fig. 4. The mesocarbon nanobead provided the
conducting net among LiFePOy particles. The uniformity of mesocarbon nanobead around LiFePO4
can supply enough change for electron transporting, which can enhance the rate capability for
LiFePO4 cathode lithium ion batteries.

Mesocarbon nanobead

LiFePO,
Fig. 4. A sketch indicating the mechanism for high rate capability

Conclusion

High rate performance can be achieved with the designed composite cathode of LiFePOs/mesocarbon
nanobead (The discharge capacity is 1087mAh at the 20C discharge rate for 18650 cell), which makes
LiFePO, based lithium ion battery an excellent candidate for electric vehicle application.
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