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Synthesis and Rietveld Refinement of the Cathode Material LiFePO,/C
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Qo A % o2 3A4E LiFe(POs)/CHl W3l X-H 3HENES HAA et ZHEHEW 9|7
AAsA AL sg stath ZJEWE AA 23 g EWE R A e R, = 8.14%, R., = 11.1%,

Rey = 9.09%, RB = 3.88%, S (GofF, Goodness of fit) = 1.20.2 AAlo] & o]FJH S & 5 AUtk
LiFePOJCE FF PomaS 7HAM, A4 e ¢ = 1032293) A, b = 6.0052Q2) A, ¢
46939(1) Aol AALL V= 29098(1) AR 7]E Th2 e A7Agel & Ax|geh B
A= IEEE 7R Y Z27](65~90 nm)E 71E MAHET Atz oz n]A 01-1 TAE7} g
FE AT wEA AEFE MAYS 4EE BF 23 AAY FFEE AHE Y8 o5 AxgeE
soEy.

F20] : LiFePO/C, 8§ 2247, Yl EWEW, H&dFd MAY

ABSTRACT : Carbon-coated lithium iron phosphate (LiFePO4/C) composites are synthesized by the
modified mechanical activation method (modified MA process) and studied by the Rietveld structural
refinement. Rietveld indices of LiFePO4/C indicate good fitting with R, = 8.14%, R, = 11.1%, Rey, =
9.09%, Rz = 3.88%, and S (GofF, Goodness of fit) = 1.2, respectively. LiFePO,/C with a space group
Pnma shows a = 10.32293) A, b = 6.0052(2) A, ¢ = 4.6939(1) A, and ¥V = 290.98(1) A’ in
dimension, indicating good agreements with those of previous works. Synthetic powders are nano-sized
(65~90 nm) homogeneous particles with high purity. Thus the modified MA method will be an
efficient process to get a high quality cathode material for commercial lithium batteries.
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Fig. 1. Crystal structure of LiFePO, shows olivine-like structure (Pnma) having linkage of M1 (LiOs), M2
(FeOg) and T (POs4) (left). detailed structure of two octahedral M1 and M2, respectively (right).
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EAo] t3 AT Z Yamada and Chung (2001),
Takahashi et al. (2001, 2002), Osorio-Guillen et
al. (2004), Morgan et al. (2004), Hu et al.
(2004), Zhou et al. (2004), Kim et al. (2004),
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Andersson et al. (2000), Tang and Holzwarth
(2003), 71 9] (2003), Delacourt et al. (2005),
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Fig. 2. Observed and calculated X-ray powder diffraction and residuals for LiFePO4/C. Vertical bars indicate
bragg reflections.

Table 1. Experimental details and final parameters of LiFePO./C by the modified MA process

Sample no. LiFePO4/C
Equipment HR transmitted X-ray diffractometer (SIEMENS D5005)
Rad./Monoch. CuK ,/Graphite (40 kV/35 mA)
Step size/time 0.02°2 6/15 sec
26 scan range 15°~120°
No. of steps 5251
Rietveld software FullProf .2k, v3.80/2007 (Rodriguez-Carvajal, 2002)
Space group Pnma
Starting model ICSD* #72545 (Streltsov et al., 1993)
R, (%) 8.14
Ry (%) 11.1
Reyy (%) 9.09
Rz (%) 3.88
S (GofF) 1.2
D-W 1.4128
U 0.082(7)
14 -0.064(6)
/4 0.043(1)

* ICSD: Inorganic crystal structure database by Fachinformationszentrum (FIZ), Karlsruhe

CEME JAxFY al. (1993, ICSD #72545)°] & A+ AH4E =%
7 FzRAZ ASHT Add A48 T2

APAIE LiFePOsol it Y EHE(Rietveld, - Fullprof 2000 (Rodriguez-Carvajal, 2002)°]
1969) T84 FT Pnmal.E Streltsov et ™, 23+ WinPLOTR (Roisnel and Rodriguez-
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Table 2. Atomic positions of LiFePO4/C determined by rietveld structure refinement

Atom Position X y z

Li 4a 0 0 0
Fe 4c 0.2821(1) 0.25 0.9734(4)
P 4c 0.0951(2) 0.25 0.4187(5)
(0] 4c 0.0922(6) 0.25 0.744(1)
02 4c 0.4547(6) 0.25 0.211(1)
03 8d 0.1626(5) 0.0477(7) 0.2844(7)
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3.88%, S (GofF, Goodness of fit) = 1.2 ©]T}. ©]
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10.32293) A, b = 6.0052(2) A, ¢ = 4.6939(1) A
ol AAZL ¥ =1290981) A2 T3 H}.

AA 9 JAA7]= Scherrer (1918)2] 2] Dy =
KA/B x cosO)e ol &3tAth. 9714 Duae ¥l
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Table 3. Interatomic bond distances and angles of the LiFePO./C

Site Atom Distance (A) Angle (°)
Li-Li: 3.0026(1) x2
Li-Fe: 3.2787(9) x2
3.5000(1) %2
3.664(1) x2
Li-P: 3.266(2) x2
2.661(2) x2
Fe-P: 3.240(3),
2.845(3),
3.272(2),
3.2689(9) x2
Octahedra Li Li-Ol: 2.144(3) x2 O1-Li-02: 87.7(3) x2, 92.3(1) x2
Ml Li-02: 2.076(3) x2 O1-Li-O3: 84.8(3) x2, 95.2(3) x2
Li-03: 2.164(5) x2 02-Li-03: 71.1(3) %2, 108.9(3) x2
Octahedra Fe Fe-O1: 2.240(5) O1-Fe-02: 176.7(5)
M2 Fe-02: 2.103(6) O1-Fe-03: 80.4(3) %2, 92.0(3) x2
Fe-03: 2.264(4) x2, 02-Fe-03: 96.9(4) x2, 89.7(3) x2
2.076(4) x2 03-Fe-03: 87.9(3) x2, 152.5(3) x2,
64.9(2), 118.93)
Tetrahedra P P-O1: 1.527(5) O1-P-02: 111.5(5)
P-02: 1.572(6) 01-P-03: 114.9(4) x2
P-03: 1.536(4) x2 02-P-03: 105.0(5) x2
03-P-03: 104.5(4)

A1 e & F Ao Adt 2 A H AAE T d8 ©AY @5, g AR
01-Li-O1, O2-Li- 02 03- L1 039 Ao7} Z& vt T FF FALY AN S FReG o 77
Holl M29] 74 $-& Fe-Ol, Fe-02, 03-Fe-03¢] 2 383 EAE 53 202 A% HJTHKIm er
o7} OHE < HojFt} al., 2007b, 2008) out 248y AF7h B3}

Fol &3t Agle & FfskE FFY Li-Lid o 2AEH EAQ L U|E TR Alzd £
Ag7F 3.0026(1) Aotk 5 ¥Ff3te 4% I v 04?7} T ez gkt wekA ElE
Li-Fet 3.2787(9) Ao, BAHE FHdte= A4 2x4A FFEZQ LIMPO; (M = Mn, Fe, Co,
&5 WEY| Li-Few 3.500(1) A Zol& zte= N9 7|& 98 AFEY A2A A ZAxe v
g, Aatis WEe] Li-PE 3.2662) Aoli, 3st7] 8 AARGTES EAFATHAY 3% &
Fe-PE 3.2403) A9t 3272Q2) A, BAHS Ff/  4). 1Y 3axs A4S a, b, cE 7 YEHIA
&1 SlE Fe-PE 2.8453) AS Z7Zt zt=t. 1, 1Y 3b, ¢, dE AAEF o, b, & 47 W E
Fe-Fet 549 F1A 6.0052) A9 A #< 71 FE3AT LIMPOs (M = Mn, Fe, Co, Ni)2] M
A3, k52 3.868(2) A #& 7HRITh olek & ATy Yo WE WHILE HY ouE A
o] Fe-Feo] A% #& FolMe Age 433  AUaTY o)A 77 #AaTFE(Mn™
Ao}, gebd 2 F9 Fe-Felthe 43859 Fe > Fe'' > Co' > NiP") AAHQ Ao 24
o} P, O o]2¢ vy g HgEe] JFHE ¥ & HAET I Aole bF WFe] A A, ¢
we ZoE AgE. 9 Wste A oE A Yt

ol AT F8 FH Fo sue FFE4 59 AL HAFE LiFePOs 4F F 9
LiFePO,/C9 @A ol AH&-H 7HEm MARSY A A N8 F AASH ATy 7M™ TR
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Soll ATk ol AT ML o A T

# Bijoerling and Westgren (1938)] Z-& A 93]
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Fig. 3. Plots of unit-cell parameters of various LiMPO, (M = Mn, Fe, Co, Li). Arrows indicates unit cell
parameters decrease.

Table 4. Unit cell parameters of various LiIMPO, (M = Mn, Fe, Co, Ni)

Components No. a b c S.G. References
LiMnPO4 1 6.038 10.374 4.711 Pbnm Bjoerling and Westgren (1938)
2 6.1 10.46 4.744 Pmnb Geller and Durand (1960)
3 10.431 6.0947 4.7366 Pnma Garcia-Moreno et al. (2001)
4 10.8616 6.2815 4.855 Pnma Osorio-Guillen et al. (2004)
LiFePO4 5 4.787 10.086 5.939 Pbnm Bjoerling and Westgren (1938)
6 10.334 6.01 4.693 Pnma Yakubovich et al. (1977)
7 10.332 6.01 4.787 Pnma Yakubovich et al. (1990)
8 10.332 6.010 4.692 Pnma Streltsov et al. (1993)

9 10.329 6.0065 4.6908 Pnma Andersson et al. (2000)
10 10.227 6.0048 4.6918 Pnma Garcia-Moreno et al. (2001)
11 10.2941 5.9862 4.6752 Pnma Osorio-Guillen et al. (2004)
12 10.3205 6.0011 4.6899 Pnma Yang et al. (2006)
13 10.3229 6.0052 4.6939 Pnma This study

LiCoPO4 14 10.2001 5.9199 4.6899 Pnma Kubel (1994)
15 10.2021 5.9227 4.7003 Pnma Pujana (1998)

16 10.1932 5.9169 4.6949 Pnma Osorio-Guillen et al. (2004)
LiNiPO4 17 10.0317 5.8539 4.6768 Pnma Abrahams and Easson (1993)
18 10.0318 5.8546 4.681 Pnma Warda and Lee (1997)

19 10.0275 5.8537 4.6763 Pnma Garcia-Moreno et al. (2001)

AR HRE ARE BoEr ofdl HEME o @99 g a = 10332(4) A, b = 6.010(5)
Aite] 27129 Z ALS-H Streltsov et al. (1993) A, ¢ = 4.692(2) A9} v w3slH oW FAEH ]
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