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Synthesis and characterization of LiFePO4/ C composite
used as lithium storage electrodes”

HU Guo-rong( # [E %) !, ZHANG Xin-long ( 7K387 /%) ', PENG Zhong-dong( 3 A) L
LIAO Gang( & HNI)%, YU Xiao-yuan( B JC)"
(1. College of Metallurgical Science and Engineering,
Central South University, Changsha 410083, China;
2. Institute of Material and Chemical Engineering,
China U niversity of Geosciences, Wuhan 430074, China)

Abstract LiFePO,/ C composites with good rate capability and high energy density were prepared by adding sugar to the
synthetic precursor. A significant improvement in electrode performance was achieved. The resulting carbon contents in

the sample 1 and sample 2 are 3. 06% and 4.95% ( mass fraction) , respectively. It is believed that the synthesis of LiFe

PO4 with sugar added before heating is a good method because the synthesized particles having uniform small size are cov-

ered by carbon. The performance of the cathodes was evaluated using coin cells. The samples were characterized by X-ray

diffraction and scanning electron microscope observation. The addition of carbon limits the particles size growth and en-

ables high electron conductivity. The LiFePO4/ C composites show very good electrochemical performance delivering about

142 mAh/ g specific capacity when being cycled at the C/ 10 rate. The capacity fade upon cycling is very small.
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1 INTRODUCTION

The ever-growing demand for portable batteries
with high energy density is exerting pressure for the
development of advanced lithium-ion batteries. Tran-
sition-metal oxides have tended to be the most attrac
tive candidates for active cathode materials due to
their high potential Li* / Li; in many of them, a large
proportion of the lithium can be inserted / extracted
reversibly. For large-scale applications such as electric
and hybrid vehicle systems, the vital issue is the
availability of advanced materials. The high tempera-
ture performance is also critical because these batteries
may be operated at elevated temperatures. In recent
years, there has been considerable effort devoted to
developing high energy density, safe and reliable new
materials to use as the cathodes in lithium-ion batter
ies. Since the pioneering study on LiFePO4 by Padhi
et al''!, significant efforts have been made to improve

1'% The overwhelming advantage of

this materia
iron-based compounds is that, in addition to being in-
expensive and naturally abundant, they are less toxic
than Co, Niand Mn. On the other hand, this cath-
ode may be affected by a loss of capacity with increas-
ing current density, associated with diffusion-con-

trolled kinetics of the electrochemical process' .
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Ways to improve the rate performance of the LiFePO4
material is enhancing its ionic/ electronic conductivity
by suitable preparation procedures. Recently, Yama-
da et al'®! and MacNeil et all ! discovered that LiFe-
POy reacts very weakly with electrolyte at elevated
temperatures compared with other common cathode
materials and therefore it may be suitable for large cell
applications. Research efforts on the Fe-based phos-
phate are centered around: 1) the synthesis of LiFe-
POy particles with welkdefined morphology and tex-
ture by means of “soft chemistry”; 2) the use of con-
ducting coatings to indirectly enhance the electronic
conductivity of the composite electrode; and 3) the
cationic/ anionic substitution to enhance its intrinsic
electrochemical properties. Items 1) and 2) have al-
ready resulted in exiting effect as recently reported by

jren

Ravet et a Item 3) is rapidly advancing as

welll B,

2 EXPERIMENTAL

2.1 Materials preparation

LiFePO4 was prepared by solid-state reaction of
FeC,04°2H,0, NH4H,PO4 and Li,CO3. A stoichio-
metric mixture of the raw materials and the measured
amount of white table sugar were mixed by balk
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milling for 12 h using zirconia milling media in alco-
hol. After drying, and then grinding with a mortar
and pestle, the mixture was calcined at 320 C for 8 h
in flowing Ar. Final firing for crystallization of the o-

livine phase was done at 700 C for 20 h in Ar.

2.2 Characterization

X-ray powder diffraction was used to confirm the
phases of the materials made by the methods de
scribed. Scanning electron microscope (SEM) was
used to study the morphology of the materials. The
carbon content of the powders was analyzed using CS-

444 carbon/ sulfur determinator (LECO Co. USA).

2.3 Electrochemical tests

The electrochemical cycling performances of the
LiFePO4 pow ders were evaluated at room temperature
(20 C) with laboratory-scale Li/LiFePO4 button
cells including a lithium metal foil as counter elec
trode, a composite of 80% LiFePO4( mass fraction) ,
10% acetylene black (AB), and 10% polytetroflu-
ornethelene ( PTFE) binder as a cathode. A micro-
porous polypropylene film ( Celgard 2400) was used
as a separator and 1 mol/ L. LiPF¢ solution with the 1
1 volumetric ratio of ethylene carbonate- dimethyl car-
bonate (EC-DMC) was used as the electrolyte. All
cells were assembled inside a glove box filled with ul-
trapure argon. Charge/ discharge characteristics of
the cells were recorded in the potential range of 2.5~
4.1V using a LAND CT2001A computer-controlled
galvanostat and potentiostat. Currents and specific

capacities were calculated based on the mass of LiFe

PO4, not that of LiFePO4/ C, in the electrode.

3 RESULTS AND DISCUSSION

The electrochemical insertion-deinsertion of lithi-
um ions into LiFePO4 can be described as:

LiFePOs= Lij- ,FePOs+ xLi" + xe

This reaction occurs on a flat plateau at 3.45 V
(vs Li), as a two-phase process, and the complete
extraction of lithium (x = 1) corresponds to a theo-
retical specific capacity of 170 mAh/g.

The crystal phase of all the samples was identi-
fied from the X-ray powder diffraction( XRD) experi-
ments to be LiFePO4 phase with ordered olivine struc
ture indexed by orthorhombic Pnmb ( as shown in
Fig. 1).

This structure is based on a hexagonalpacked
oxygen array with Li and Fe occupying the octahedral
sites in the alternate planes ( chains of edge sharing
Fecentered octahedral connected by a phosphate te-
trahedral). There is a good correspondence with the
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Fig. 1 XRD spectra of uncoated LiFePO4( a)
and carborr coated LiFePO4(b)

reference LiFePO4 pattern, demonstrating that single
phase is obtained with no evidence of impurities. The
peak intensity of carbon coated LiFePO4 are lower
than that of the uncoated LiFePO4 due to the amor-
phous phases addition. Their peaks are in the same
positions, indicating that carbon coating doesn t af-
fect the inner olivine structure of LiFePOg.

The carbon contents in the final LiFePO4 pow-
ders were determined to be 3. 06% and 4. 96% for
sample 1 and sample 2, respectively.

Fig. 2 shows SEM images of the samples of
LiFePOy4 coated with 3. 06% , 4.95% carbon and un-
coated. One can clearly see that the particle size de-
creases as the amount of carbon increases. T herefore,
there is clear evidence that adding sugar during the
first heating dramatically slows the particle growth.

According to Figs. 2(b) and (c¢), this material
has a uniform small particle size and all particle may
be uniformly covered by carbon. Thus, it is an effec
tive method to improve the rate capacity of LiFePOj.

The charge-discharge plots( Fig. 3) at low cur
rent density and at room temperature for the optr
mized carbon-coated materials show a gain in term of
faradaic balance with more than 0. 8 lithium ions ex-
tracted and reversibly reinserted between 4. 1 V and
2.5 V(vs Li). Moreover, the amount of carbon in
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Fig. 2 Morphologies of uncoated (a), 3.06%

carborrcoated (b) and 4.95% carbonrcoated
LiFePO4( ¢)

these compounds is less than 5%, which is less than
that of reported literature, and the source of this car
bon (sugar) is a simple, cheap, and environmentally
friendly compound (not always the case for many au-
thors who propose formaldehyde or resorcinol as pre-
Cursors) .

These different behaviors between pure (uncoat-
ed) and composite (carbon coated) LiFePO4 are obvi
ously associated with the presence of intimate carbon
dispersion, thus confirming its role in optimizing the
morphology of the LiFePO4 electrode material and,
thus , enhancing the kinetics of its electrochemical
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Fig. 3 Charge discharge curves of Li/ LiFePO4
cell cycled between 4.1V and 2.5V

at room temperature
(a) —Uncoated LiFePOy4; (b) —Carboir coated LiFePOy4

process.

4 CONCLUSION

LiFePO4/ C composites used as lithium storage

electrode were prepared by adding sugar to the syn-
thesis precursor. The addition of sugar, which is
changed into carbon, enhances the electronic conduc
tion of LiFePO4 and also greatly improves its electro-
chemical performance. The cathode can be discharged
at C/ 10 rate at 20 C with a utilization of about 83%
(141 mAh/g). The results indicate that LiFePO4/ C
composites will be an attractive candidate as cathode
material for Lrion battery.
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