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Abstract; Lithium iron phosphate is a most promising cathode material for Li-ion batteries (LIB),
But the key barrier limiting its application is extremely low electronic conductivity. Meanwhile the
low electron conductivity can be improved by preparing LiFeP(), with carbon modified. LiFePQ,/C
was synthesized by high temperature solid-state reaction using iron (11} oxalate, ammonium di-hy-
drogen phosphate and lithium carbonate with a kind of organic compound (CR) that can be dis-
solved in the dispersant (ethanol} as carbon sources added to the synthetic precursor in this paper.
The samples were characterized by X-ray diffraction, scanning electron microscope observations,
charge/discharge test, etyclic voltammetry and carbon analysis, It was believed that the synthesized
LiFePQ, /C with perfect olivine structure by X-ray diffraction. The carbon brought abour two ad-
vantages: (i) an optitized particle size of LiFePQ,, and (ii) increasing the electronic conductivity
and Lit diffusivity, The cathode material could demonstrate a charge/discharge flat voltage of 3. 4V
(Vs Li* /LD. Especially the active material with 20% organic added according to the final product
of LiFePQ, showed very good electrochemical performance reaching about initial 162, 0 mAh/g spe-
cific capacity at 0, 1C rate and could also keep excellent discharge capacity even at 3C rate (510 mA/
&) current and good cycle performance, The carbon content in the final production was only 5. 29%
{mass fraction}.
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'1 Introduction

The ever-growing demand for portable batteries with high energy density is exerting pressure for the
development cof advanced Li-ion batteries, The remaining challenges are cost, abuse tolerance, and low-
temperature performance, One critical challenge is the thermal stability of the battery components. Pres-
ently LiFePO, with a structure of olivine-type, first published by Goodenough™’, has become more con-
cerned because of its high energy density, low raw materials cost, environmental {riendliness and safe-
ty”*"*). So the material is particularly suitable for the production of electrochemical accumulators with high
power, But the extremely low electronic conductivity and low Li" diffusivity made the capacity of the LiFe-
PO, electrode decreased dramatically when working at large current density'. So the LiFePO, electrode

must be modified so as to improve the electron conductivity and lithium diffusivity.

Recelved date; 2005—08— 10 _
Biography;- HU Guo-rong(born in 1963), Male, Professor, Doctor.

[



432 JOURNAL OF GUANGDONG NON-FERROUS METALS . 2005

2 Experimental

2.1 Synthesis of cathede materials

The cathode materials were prepared by solid-state reaction of FeC, 0, « 2H,0 (Aldrich), NH,H,PQ,
(Aldrich), Li,CO, (Aldrich) and CR (Aldrich). The stoichiometric mixtures of the raw materials were
mixed by ball-milling (500 r/min) for 12 h with agate balls in alcohol, followed by drying. Then these mix-
ture were ground with a mortar and pestle and calcined at 350°C for 8 h in flowing ArZ Final firing for
crystallization of the olivine phase was made at 750°C for 24 h in Ar2 flowing ambience. The samples of
{a), {b), (). (d) and {e) correspond 15 the LiFeP() with 0 {uncoated}, 10%,15%, 20% and 25% or-

ganic compound mixed respectively according to the product of LiFePQ,.
2.2 Characteristic of cathode materials

2.2.1 Phase identify and particle size analysis

The phase analysis and particle size of all samples were determined by using X-ray diffraction (XRD,
D/max-r A type Cu-Kal, 40 kV, 300 mA, 10°—70°, Japan).
2.2.2 Microstructures of the cathode material

Scanning electron microscope (SEM) was used to examine the microstructures of the cathode material
(SEM, KYKY 2800, Japan).
2.2.3 Electrochemical measurements

The electrochemical cycling performances of the cathode powders were evaluated at room temperature
(20°C) with laboratory-scale Li/cathode button cells including a lithium metal foil as counter electrode, a
composite of 80% (mass {raction) cathcde powder, 10% ( mass fraction) acetylene black {AB). and 10%
(mass fraction) polytetrofluornethelene (PTFE} binder as a cathode. A micro-porous polypropylene film
(Celgard 2400) was used as a separator and 1 M LiPF; solution with the 1 ¢ 1 volumetric (EC+DEC). All
cells were assembled inside a glove box {illed with ultra-pure argon. Charge/discharge characteristics of the
active material were recorded in the potential range 2.5 V and 4. 1 V using a LAND CT2001A computer-
controlled galvanostat,
2.2.4 Cyclic voltammetry test and electrochemical impedance spectroscopy (EIS) measurements

The samples d and a, b, ¢, d, e are applied to study the cyclic voltammetry of power micro-clectrode
and electrochemical impedance spectroscopy respectively by using Model 273A Potentiostat/Galvanostanos-
tat and Model 5210 Dual Phase Lock-in Amplifier, USA.

2.2.5 Carbon concentration

~

The carbon concentration of the composite was analyzed using CS— 444 carbon/sulfur determinator
(LECO Co. USA),

3 Results and discussion

The phases of all the samples were shown in Fig. 1 a, b, ¢, d and e from the powder X-ray diffraction
(XRD). It was identified that the synthetic LiFeP(), phase with ordered olivinestructure. We can also
know from the Table 1 that the diffraction intensity of 311peak of LiFePO, compound declines with the
more carbon coated in the LiFeP(Q,/C composites and the particle size of LiFeP(), turns finer and finer.
This means that with the increasing amount of carbon coated the amorphous bhases in the composite are in-

creasing 100, But their peaks are in the same positions indicating that ecarbon coating doesn’t affect the inner
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crystal structure of LiFePQ),,
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be known that the adding of carbon has an evident effect

on controlling the growing particles of cathode power, Tig.1 XRD patterns of a, b, ¢, d, and ¢ samples
and the grain size of LiFeP(, /C (d) is more well-propor- ‘

tioned than that of the pure LiFePQ, (a). A wide size distribution ranging from a few to 5pm for the LiFe-
PO, particles could be recognized in Fig. 2(a). The refined LiFePO, grain coated by carbon can help to in-

crease the diffusivity of lithium ion and electron transfers during the electrode process.
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Fig.2 SEM micrographs of sample (2) and sample (b)

The electrochemical insertion/deinsertion of lithium ions into LiFePO, can be described as [ollowing
formulas (1.
Li,. ,FePQ, =—=Li,_ . FcPOQ, + zLi" -+ ze (1)

This reaction occufs on a flat platean a8 3,4 V us. Li* /Li as a two-phasc process of FeP(,/ LiFePO,,

and the complete extraction of lithium (x=1) corresponds to a theoretical specific capacity of 170 mAh/g.

From the Fig. 4 above we can clearly know that initial specilic capacity of the pure LiFePQ, can only
get 120. 4 mAh/g owing to the low electric conductivity', While the LiFePQ), /(C composites showed excel-
lent electrochemical performance. The sampled can retain 156. 90 mAh/g after 20 cycles with the initial ca-
pacity of 162. 0 mAh/g and the carbon weight amount is only 5. 29% and can keep relative high specific ca-
pacity even at 3C rate. The capacity loss is very small. The reason is that carbon coated can improve the ac-
tive material conductivity and the Li* diffusivity.

We investigated the electrochemical performance of sample (d} by using cycle voltammetry. Fig. 4
shows a cyclic voltammogram of sample (d) measured at 20°C, The pair of peaks, consisting of an anodic

and a cathodic peak, observed around 3.4 V vs. Li/Li* corresponded to the two-phase charge/discharge re-
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action of the Fe?* /Fe’™ redox couple. This voltammogram indicated that only one electrochemical reaction,
corresponding to the peak pair shown around 3.4 V vs. Li/Li", occurred during the charge and discharge
of the LiFePO,.

Fig. 5 represents the Nyquist plots of samples (a, b, c, d and e} at 3.52 V measured at ambient tem-
perature. From the plots we can know that with the increasing of carbon amount the Ret decreased from
several hundred ohm to about 530 . That because the carbon coated on the surface of particles of LiFePO,

can improve the electron conductivity of the electrode, Here we can know from the Fig. 6(a) and (b)-*

42f (o) ” _160[(c), 0.IC .
4.0} . "
: 150
38 g # 1c ic
> 36t =140 gV
3 34} £
2 3
2 32 5'30
- 3o 2120
< 2.8 + o
-5
g . 26} @ 1o
A i siis n 100 L
=20 0 20 40 60 80 100120 140160180 2200 20 40 60 80 100120 140 160 180 0 20 40 60 80 100
Specific capacity mAh/g Specific capacity mAh/g Cycle number

Fig.3 (&) Initial charge-discharge profiles of samples a, b, ¢, d, and e; (b) Initial charge-discharge curves of sample {d)
2t 0, 1C, 1C and 3C rate; (&) Cycling behaviors of the sample (d)
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Fig.4 The cyclic voltammograms curve of sam- Fig.5 The EIS curves of samples (a, b, ¢, d

ple d at 0. 2 mV/s, measure at 20T and e), charged to 3. 52 V, measure at

20°C
4 Conclusions

The adding CR to the synthetic precurser can help to improve the electrical conductivity of LiFePQ,
and prevent growth of the particle. The most important thing is that the production of LiFePO, will be cav-
ered by refined carbon uniformity after the precursor has been sinteringed. It contributes to the transfer of
electron and Li* during the electrode process. Meanwhile the carbon existing can prevent the production of
Fe®* phase to some extent, The sample (d) showed high specific capacity and cycle capability exhibiting ~
95Y% theoretic capacity, 162. 0 mAh/g, at room temperature. This indicates that LJFePOQ/C composite will
be an attractive candidate as cathode material for Li-ion battery,
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Fig. 6 The kinetics of Li ions and electron in LiFePO, cathodes, carbon distribute ununi-

formly (a) and uniformly (b)

References

{17 Padhi A K, Nzjundaswamy K S, Goodencugh J B. Phospho-olivines as positive-electorde materials for recharge-
able lithium batteries[J]. | Flectrochem Soc, 1997, 144, 1188—1194.

[2] Tltchev N, Chen Y K, eral. LiFeP(, storage at room and elevated temperatures[J]. ] Power Sources, 2003, 119
—121; 749--754.

[3] Yang S, Song Y, Zavalij P Y, et al. Reactivity, Stahility and clectrochemical behavior of lithium iron phosphates
(11, Electrochem Comm, 2002, 4. 233—244.

[4] Jiang J, Dahn J R. ARC studies of the thermal stability of three different cathode materials: LiCoQs:; Li[Nig,
Co.8Mng ; 10 5 and LiFePO,, in LiPF; and LiBoB EC/DEC clectrolytes[J]. Electrachemistry Communications.
2004, 6(1); 39—43.

['5] Zaghib K, Charest P, et al. Safe Li-ion polymer batteries for HEV applications[J]. ] Power Sources, 2004, 134
(1): 124—129,

[6] Kim H S, Cho BW, Cho W-II. Cycling performance of LiFeP(), cathode material for lithium secondary batteries
[J3. ] Power Sources, 2004, 132(1—2); 235—23,

[7] Zaghib K, Striebel K, Guerfi A, et al. LiFePO,/polymer/natural graphite: low cost Li-ion batteries[J]. Electro-
chimica Acta, 2001, 50(2—3); 262—269.

[8] MacNeil D), 1a Z H, Chen Z H, ezal. A comparison of electrode/electrolyte reaction at tlevated temperatures
for varigus Li-ion battery cathodes[I]. | Power Sources, 2002, 108.8— 14,

[9] Robert Dominko, Miran Gaberscek, Jernej Drofenik, et al. The role of carbon black distribution in cathodes for
Li ion batteries(]]. Journa! of Power Sources, 2003, 119—121. 770—773.



