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ABSTRACT

LiFePO, is one of the promising materials for cathode material of secondary lithium batteries due to its high energy density,
low cost, environmental friendliness and safety. LiFePO, was synthesized by the solid-state reaction method at 500 — 800°C.
The crystal structure of LiFePQ, was analyzed by X-ray powder diffraction. The samples synthesized at 600 and 700°C showed
a single phase of a olivine structure. The particle sizes were increased and the specific surface areas were decreased with heating
temperatures. The electrochemical performance was investigated by coin cell test. The discharge capacities at 0.1C-rate were
118 mAh/g and 112 mAh/g at 600°C, 700°C, respectively. In an attempt to improve the electrical conductivity of cathode
materials, LiFePO,/graphite composite was prepared with various graphite contents. The elgctrical conductivity and discharge
capacity were increased with incréasing the graphite contents in composite samples. The rate capabilities at high current

densities were also improved.
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XRD patterns of LiFePO, synthesized by solid-state
reactions with various heating temperatures.
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Fig. 2. Surface areas of LiFePO, synthesized by solid-state
reactions with various heating temperatures.
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Fig. 3. SEM images of LiFePO, synthesized by solid-state
reactions with various heating temperatures; (a) 600°C,
(b) 700°C, and (c) 800°C.
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Fig. 4. Charge/discharge profiles of LiFePO, synthesized by
solid-state reactions with various heating temperatures;
(2) 600°C, (b) 700°C, and (c) 800°C.

Table 1. Carbon Contents in LiFePO,/Graphite Composites
Addition (wt%C) 0 1 2 3 4 5

Last content (wt%C) 0.365 - 2619 - 4391 -
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Fig. 5. XRD patterns of LiFePO,/graphite composites with
various graphite contents.

Fig. 6. SEM images of LiFePO,/graphite composites; (a) pure
LiFePO,, (b) 1 wt% graphite, (c) 3 wt% graphite, and
(d) 5 wt% graphite.
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Fig. 7. Surface areas of LiFePO,/graphite composites.
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Fig. 8. Electrical conductivities of LiFePO,/graphite composites.

Hrh. H7HE graphite®] ol whe} 3@zt 20=27° 2
] graphite peak®] ZEX F7}stth 283 sample
o3 8] SEM ARE S8 & graphite?] 3
|

i

S
7}'?;5:}‘0“ HZ}E]— %}X}—%Q} 37]7]. 1—4‘_/1\_ 71:}'{,\_6‘]-‘—“_‘ 7/_1
HAr}l, SEM ARRloA] 2l 132

o3} 2= olou:] graphite.°4 @-Eoko]

=
[5)

= T RA—
graphite YAHE°] LiFePO, YAEH ZY3HA 4
= ¢ 7 SUth Figs. 73 82 7z} A8 B vxHA
At A7 es &3 A3E Jehi 3L 9o} Graphite
7H1iw% ZA7FEAS e AVdsse vgwae] ¥
371 A AR 2 wi%o)d H7FE A graphited] 3
Fol F7FhEAM HEH A ANAEEs AFgHoz =
Ve @ AUATh ol 4 AAME graphiter}
2wt% ol BFE A5 S graphite®} LiFePO,7t
o] Athe AMEE FIT 4 QU9

e F9d 48 Z294E Fig 99 Jeh
Aol AH8-E AlE= graphite’t ZH}F 0 wi%
3wt%, Swt% T8 LiFePO,olt}h. Graphite7} 3 wi%2}
Swi%7t H7HE A9 0.1Cratedl A 27} 150 mAb/g, 156
mAh/ge] WHEFE YehiA oM, 2Craed] 7814

o



2F 2% ARG SFEEZ LiFePO,S 3 270 wiE A3k &4 125

2 i
o] i
()] R
s b
3 ) N
(>) i [—0.1C-rate \ ‘.\ | Y
25k ' |[---02C-rate Y \ B '\
----- 0.5C-rate oyt '
- 1C-rate P H
== 2C-rate [ '
2.0F v
i " 1 " i " 1 n Fl 2 i i H
0 20 40 60 80 100 120
Specific capacity (mAh/g)
b
4.0 -( )
35F |zmw
>
S 3ot
8
>o — 0.1C-rate

-~ = 0.2C-rate

~--- 1C-rate
== 2C-rate

20F

0 20 40 60 80 100 120 140 760
Specific capacity (mAh/g)

— 0.1C-rate
---0.2C-rate
----- 0.5C-rate
---- 1C-rate
---- 2C-rate

Voltage (V)

1 1 1 " 1 " 1 n i " i n 1 i 1

0 20 40 60 80 100 120 140 160
Specific capacity (mAh/g)

Fig. 9. Charge/discharge profiles of LiFePO,/graphite composites;
(a) pure LiFePO,, (b) 3 wt% graphite, and (c) 5 wt%
graphite.

M= WHg-Fol 1z 102 mAh/g, 119 mAh/g= graphiteE
H7FeHA] 982 LiFePO9 vl st &7 7art ax] &
%th. ©]= graphite’} LiFePO, YAEH Fd3A EF
wo] &4 Al LiFePO,o] 9474& JAAILoZHN 1A
& YA Eo] FAHNL, FLsH mA BEEZF graphite
+ composite®] H71HMEE gFo] A Fodste, A=)
Li o229} o]-zo] d&alA o]F

7] wTol2ka Az,

4.8 B

TP XEE 600°ColA 800°C7HA] ®3}A| 711 LiFePO,

£ A3 g4 %1-3-7} F7Fghol weba 011}37]
7t F7Fsk AL tﬂﬁ‘ﬁ' sy, dxe 2% St
of wata AR F Zﬂ f3e 745, l% b
7 2% o] WE NEHA FAE Li o)o] Fikg
T AUe BH Al F-e] ok

& 71E9] carbon gelolY carbon blackE AF&-3F 7
ot 28] & HAVHAELTE JIAE graphite® LiFePO,

o % 7}3led LiFePO,/graphite composite #| %33t
Graphite”} LiFePO,9} #¥3HA E¥¢HH AVAEEE
A7) LiFePO,S 9A478S JAFgo=H v g F
< S7/MAY. A AP ME graphite7} 3 witd% o)A
A7HANE Aolle HHEFo] S AREE F
7t We AT AR Ystrh. Carbono|l} graphite
£ LiFePO,8 &4 $H3EAY coationdtes W E& A

AV

29 A/NAEES FolAY YAANE Acjele 23
o EFHE HolAW Wt S wa AsHo=
BEgol7) w2l AW T gl SuolNE AR &
o] oyt TeEz Aadel EANE Agad 3
I o L
bzt 5EH TP 5o A7 Pz Yol

of & oz Hzdr
REFERENCES

1. A. K. Padhi, K. S. Nanjundaswamy, and J. B. Goodenough,
“Phospho-Olivines as Positive-Electrode Materials for
Rechargeable Lithium Batteries,” J. Electrochemical Soc.,
144 [4] 1188-94 (1997).

2. P. P. Prosini, M. Lisi, D. Zane, and M. Pasquali, “Deter-
mination of the Chemical Diffusion Coefficient of Lithium
in LiFePOQ,,” Solid State Ionics, 148 [1-2] 45-51 (2002).

3. A. S. Andersson and J. O. Thomas, “The Source of First-
cycle Capacity Loss in LiFePO,,” J. Power Sources, 97-98
498-502 (2001).

4. N. Ravet, J. B. Goodenough, S. Besner, M. Simoneau, and
P. Hovington, “Improved Iron Based Cathode Material,”
Abstract 127, The Electrochemical Society Fall Meeting,
Honolulu, Hawaiil, 99-2 17-22 (1999)

5. H. Huang, S. C. Yin, and L. F. Nazar, “Approaching the-
Oretical Capacity of LiFePO, at Room Temperature at High
Rates,” Electrochemical and Solid-State Letters, 4 [10]
A170-72 (2001).

6. P. P. Prosini, D. Zane, and M. Pasquali, “Improved Elec-
trochemical Performance of a LiFePO,-Based Composite
Cathode,” Electrochimica Acta, 46 (23] 3517-23 (2001).

7. P. Herle, Subramanya, B. Ellis, N. Coombs, and L. F. Nazar,
“Nano-Network Electronic Conduction in Tron and Nickel
Olivine Phosphates,” Nature Materials, 3 [3] 147-52 (2004).

A 43 F A 2 3.(2006)



