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Abstract The pseudo-spinel type solid solution, LiAl;:;Fe, 03 was prepared by reaction of
LiCO;, Al,O; and Fe,0; mixture at 1620K, which can be used for cathode material in lithi-
um batteries. Its structure was investigated by Rietveld profile-analysis of XRD in detail
The space group of solid solution is P4;32(a=8.1293A) and the final residual index of
structure refinement- was about 5 %. Cations Al**and Fe’* are located at both tetra- and
octahedral-coordination and Li*ions are occupied in the octahedral 4b-, 12d-site of the in-

verse spinel.
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Fig. 1. Bright field TEM micrograph of
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Fig. 3. Diffraction patterns on (a) <100>,

(b) €111> and (c) <110>, respectively.
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Table 1
X-ray peak indexing for spinel compounds LiM;Qs (M= Al :Feys Fe, Al)
Li1Al;0;- LiFeO4 a-LiFe;0; B-LiFe;0Oq ordered LiAl;Oq
P4,32 P4,32 Fd3m P4,32
a=8.1293 a=8.331 a=8333 a=7.921
hkl d, 1/1, d, I/, d, I/], d, I/1,
110 5.7564 9 5.887 11
111 4.6941 8 4778 3 4.841 3 4.570
210 3.6359 13 3.735 19
211 3.3192 9 3.751 14
220 2.8745 36 2.945 14 2.961 44 2.80 40
311 2.4515 100 2.514 100 2.527 100 2.392 100
222 2.3470 04 2.420 2 2.285 19
400 2.0326 26 2.084 44 2.087 44 1.981 69
422 1.6596 12 1.703 14 1.703 14 1.618 6
333 1.5652 26 1.605 61 1.605 44
440 1.4373 50 1.474 22 1.458 61 1.473 50
620 1.2847 5 1.318 13
533 1.2401 6 1.273 22 1.273 22
63000 ; | — . - . : : : :
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Fig. 4. X-ray Rietveld refinement of LiAl, sFe, s0s (Cu-Ka). The solid line is the best-fit
profile and points superimposed on it are raw data. The difference between the observed

and the calculated intensities is plotted at the bottom of the diagram.



250 238, A%S, FA7), #FF

Table 2

Atomic positions and site occupations of crystal structure refinement

Site OCCllpation . (Alo. sFeq s)sc[(Lio. as7Alp. ozsF €0 0215)4b(A10. wF'eq asslilo. 014)12d]o32
M1(Al, sFe, 5)-8¢ site : [(x,%,%),(-x+1/2, -x,x+1/2),(x+1/4,x+3/4,-x+3/4),(-x,1/4,-x+

1/4)1x (y,z,x)

M2 (Lio. s51Aly ousFeo 0u5)-4b site : [(5/8, 5/8,5/8), (7/8, 3/8, 1/8)]X (v, 2, x)

M3( Al «wFeo wliona)-12d site : [(1/8,y,-y+1/4),(3/8,-y,-y+3/4),(7/8,y+1/2,y+1/4),(5/
8,-y+1/2,y+3/4)]1%x(z, x,y) X (y, z, X)

01-8c site : [(x,x,x),(-x+1/2, -x,x+1/2),(x+1/4, x+3/4, -x+3/4), (-x,1/4, -x+1/4)]X

(y,2,x)

02-24e site : [(x,y,2),(-x+1/2, -y, z+1/2), (-x, y+1/2,-2+1/2), (x+1/2, -y+1/2, -2), (y
+1/4, x+3/4, -z+3/4), (-y+1/4, -x+1/4, -z+1/4), (y+3/4, -x+3/4, z+1/
4), (-y+3/4, x+1/4,2+3/4)1X(z, x, y) X (y, 2, X)

P4;32&8 AF23lgch. A¥FAQA A(Bi)ie
(0)) 32 spinel Fd3m7} P4;322 o X Ajo]
olzl™ Fd3mol42] 8a(0, 0, 0), 16d(1/8,
3/8, 8/7), 32e(1/8, 1/8, 1/8) siter} Table
20 el ZA AT P4,.329 4= 8e(x, x,
x), 12d(1/8, y, -y+1/4) + 4b(5/8, 5/8,
5/8), 24e(x, y, z) + 8c(x, %, x)E site7}
49 4 oo LiALFe, 0.8 AARFE
refinementell A& oFo](Li*, Al**, Fe** )&
8c, 4b, 12d site, OF 8c, 24e siteo] H+A]
7101 AArstsdch. 24 A site Pl
gJe] A= 8c siteo] AlgsFeps(o]3t Mlo &
E7)QAE, 4bol  LiperAlo msFeo ous( 013}
M2)E, 12del| Alg e es saliio as(M3)7F A
3t Ao 2 A4rg o @2 Residual index
£ vehidh olAe ol dloid o
Hulg2 site HG3=  ordering inverse
spinel FE2E Hhe AL otk 4]
Ned FAFE, AAAST, site HH 2 A
€ 59 parameter® A}-83}¢] Rietveld ¥
o2 AAFZE refinementdt ZA2}E Table
3e] ehisich o] Azl sk spinel
cubic®] coner(0, 0, 0)¢} HA(1/2, 1/2, 1/

Table 3

Refined atomic parameters from the pro-
file fitting of the X-ray diffraction pat-
tern

« Fractional coordinate(x, x, x) in 8c(Aly;
Feqs)
x=-0.0032

« Fractional coordinate(x, y, z) in 4b(Lio g5
Al gnsFeo us)
x=0.3926, y=-0.1186, 2=0.125

« Fractional coordinate(x, x, x) in 8c(O)
x=0.4095

. Fractional coordinate(x, y, z) in 24e(QO)
x=0.1279, y=0.1334, z=0.3878

- R-factors and standard deviation of pa-
rameters
Rwp=2.24%
Rr=2.85%
Rr=5.08%
S=2.03




LiALO,-LiFe0, §4% AR7Z 4] 251

: M1{Al sFeg s)gc

: M2(Li04957A|0.021 5Fe°.°21 5)4b
+ M3(Aly 4g3Feg.agabio 014)120

* Ogo.20e

z=-0003~0.5

z=0.5~1.003
(b)

Fig. 5. (a) Crystal structure of LiAl, sFe, s
O; solid solution, (b) plane of the unit cell
projection on a plane perpendicular to the

z-axis.
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