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ABSTRACT

The spinel structure with chemical formula LiMn,O, and doped samples
with the general formula LiMn, Se O,, where x = 0.02, 0.04 mole were
prepared by freeze dry technique and sintering procedure using the
appropriate amounts of nitrate solutions precursors.The structural, micro-
structural and electrochemical features of pure spinel and Se-(1V)- doped
sampleswereinvestigated. XRD-analysisindicated that all of the prepared
samples are mainly belong to cubic crystal form with Fd3m space

group.Electrochemical investigations indicated that selenium doping
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promotes both of the retention capacity a recharging efficiency.
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INTRODUCTION

Thelithiumion batteriesare consisting of lithium
intercal ation compounds aspositive € ectrode, graph-
iteor carbon as negative e ectrode, and an organic elec-
trolyteareunder consideration for theelectric vehicle
and the hybrid el ectric vehicleapplications. Thetech-
nologica chalengesconfronting their scdeupand com-
mercidization arethe capacity fade characteristicsand
the thermal safety. The cathode materials such as
LiCoO,*4, LiNiO,4, LiNi Co,, O, arecurrently
used inthelithium-ion batteries. Although the commer-
cdlyavailadlelithium-ion cdlsfor portablegoplicaions
useLiCoO, and LiCoNi,. O, they are considered to
be more expensive and toxic than that having a
LiMn,O, cathode. The LiMn,O, has been studied ex-
tensively asacathode materid for Li-ion batteriesbe-
causeitisredivey inexpensveand hasenvironmenta

advantages, compared with LiCoO,, LiNiO,, and
LiNi Co,. O, However, LiMn,O, showsproblems
related to poor cycling behavior because of afast ca-
pacity fading inthethreevoltagerange dueto the phase
transformation from cubic structureto tetragona struc-
tureand dsointhefour voltagerangemainly duetothe
Mn (Mn#) dissolution duringlithiumionintercalation/
deintercalation™. Reducing theamount of theMn* ion
instructure may help inimproving the cycling perfor-
manceof Mnspind®9, Trangtiond metdsinthesame
row inthe periodic table may be cons dered asthe pos-
sblecandidatesfor thesubstitution becauseof their smi-
larionicradii. The useof metal ionswith similar radii
will not causeadramatic structural changeasaresult of
the substitution***%. In an effort to better understand
the performanceissues of theMn spinels, research was
undertaken to prepare the manganese-substituted
pineshy partidly substituting Mn separately with Co,
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Ni, Feand Cr studying their structures, e ectrochemi-
ca behavior, diffuson phenomenaand thermal charac-
teristics. A sol—gel process was used for the synthesis
in order to achieve the homogeneity and narrow par-
ticlesizedigtribution of thefinal product!*¢*¥, Thee ec-
trochemical and thermal properties of the substituted
LiMn,O, spinels were compared with those of
LiMn,O,.

Themajor goal of the present articleisto investi-
gate narrow range of Se (1V) ionsdoping on manga-
nesesites(0.02d” x d” 0.04) To promote:

1- Structurd and micro-gtructurd featuresof cubic spind
(Li-Mn-O).

2- Cathodic features (specidly charge/discharge spe-
cific capacity and cycleability).

EXPERIMENTAL

Freezedry synthesisof Li-Mn-O spinels

Thepuresping LiMn,O, and doped sampleswith
thegenerd formulaLiMn, Se O,, wherex =0.02, 0.04
molewere prepared by freeze dry technique and sin-
tering procedure using the appropriate amounts of ni-
trate solutions precursors The precursor (1) wasthe
accurate molar ratios of Li,CO,and and 1* half of
Mn,(CO,), weight that dissolvedinfew dropsof conc.
nitricacid givingmeta nitratessolutions. The precursor
Il wasfor SeO, and 2 half of Mn,(CO,), (each purity
>99%) that al so dissolvedin few dropsof conc. nitric
acid giving metal nitrates solutions. The precursors| +
Il weremixed together into 1L separating funnel con-
tain 100 ml of 50 % solution of urea/ oxalic acid then
allow todropinto liquid nitrogen getting freeze drops
of mixtures.Generadly the synthesisof purespinel and
selenium doped spindscan bebriefed inthefollowing
sequences,

Precursor | M ,CO_+1/2M ,CO_+

Conc. HNO, ———— M M -Nitrates+ CO,+H,0 (1)
Precursor I1 MO, +1/2M ,CO+

Conc. HNO, ———— M M _-Nitrates+ CO_+H,O (2
Precursor | + Precursor 11 +50% Urea/Oxalic

add ———— MIM2M3-C O, +NO+H.0 (3
M1M2M3-C O, +Liquid N, —— Freeze
ballsof M1M2M 3-C,0O /acidicH O 4

Frozen ballsof M1M 2M 3-C .0, /FD-machine
60hrs —— Dryball of MIM2M3-C,0, (5)
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Dry ball of M1IM2M 3-C,0, —— 850°C/

30hrs —— M1(M2), (M3) O, Doped Spinel (6)
Ifonly Dry ball MIM 2-C.O, —— 850°C/

30hrs ——» M1(M 2)204 Pur e spinel @)
\(/l\CI)ere M, =Li, M, =Mn (Ill) and finally M, =Se

Theresulted freeze dropsforwarded to freeze dry
machinewith specific program of acidicwater solvent
for 60 hrs. Theresultant reground in an agate mortar
for half an hour. Then thefinely ground powder was
subject tofiringat 800 °C for 10 hours, reground and
finally pressedinto pelletswith thickness0.2 cm, diam-
eter 1.2 cmand Sintered at 850 °C for 30 hours. Then
the furnaceiscooled slowly down to room tempera-
ture. Findly thematerial sare kept in vacuum desicca
tor over silicagd dryer.

Sructural characterization
X-ray diffraction (XRD)

The X-ray diffraction measurements (XRD) were
carried out a room temperature on thefineground pure
and Se-substituted spinelsin therange (20 =10-90°)
using Cu-Ka radiation source and a computerized
[Steo-Germany] X-ray diffracto-meter with two theta
scantechnique. A visudized sudiesof crystd structure
weremade by using Diamond Molecular Structure ver-
sion 3.2 package, Germany.

Scanning el ectr on-microscope

Scanning electron microscope (SEM) measure-
mentswerecarried out using small piecesof prepared
sampleson different sectorsto betheactua molar ra-
tios by using “TXA-840,JEOL-Japan” attached to
XL30 gpparatuswith EDX unit, accel erant voltage 30kv,
magnification 10x up to 500.000x and resol ution 3. nm.
The sampleswere coated with gold.

Electr ochemical measur ements

Thecoincelsmode (2016 sze) wereused for dec-
trochemica. Thecoincellscomprisedof LiMn,, Se O,
asacathode, lithiumfoil anode, and an e ectrolytehav-
ing0.5M LiPF inal:1wt.% of ethylene carbonate
and diethyl carbonate (EC/DEC, EM Industry, Inc.
H,0<30 ppm). A Celgard 2400 micro-porous pol ypro-
pyleneseparator wasused inthesecdlls. Thecell prepa:
ration wascarried out intheArgon-filled dry box. The
cellswerefirst cycled threetimesand then, charged to
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4.5V. Thecdlswere charged using aconstant voltage
charging procedurefor 40 h. The cut-off voltagefor
chargingwas4.5V. Thecharged coin cellswere opened
inan agron-filled glove box and the cathode material
wasrecovered fromthecells.

RESULTSAND DISCUSSION

Phaseidentification

Figurel showsthe X-ray diffraction patterns of
pure spinel and Se-doped spinelswithformulaLiMn,
S 0O, (wherex=0.02,0.04 mole) powders. Analysis
of the corresponding 20 valuesand theinterplanar spac-
ingsd (A°) indicated that the compounds are mainly
belongto asingle-phase spind structure. with Fd3m
space groupinwhichthelithiumionsoccupy thetetra-
hedral (9) sitesasclear in Figure 1,. The Mn®* and

Cubic Unit Cell of Li-MnSe-O with Fd-3m Space Group

Mn* ions as well as the doping metal ions, as in
LiMn,O, structure, occupy theoctahedral (16) sites™.
For simplicity, these structures can be expressed as
[Li]teraneda [MMn,.] ocenera[ O ] 20) as described infig-
ure 1d. Doping did not appear to change the basic
LiMn,O, structure, but slightly changethelattice pa-
rametersdueto atom size effect.
AsclearinFigures1_,theLi-Mn-O spinel doped
with Se** of at theexpenseof Mn®* crystdlizedin octa-

—= Fuyl] Paper
® Cubic Spinel Phase

® Impurity Phases

Intensity (Arbitrary unit)
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Figurel :X-raydiffractionpatternsof LiMn, Se O, spinel
doped with Se**. (a): undoped LiMn2Oy; (b): doped with x =
0.02mole; (c): doped with x=0.04 mole.

3x3x3 Supercell of Li-Mn-O Spinel
Figurel,: Visualized structureof cubic spinel with Fd3m space group.

hedra units[MnQO ] without any kind of noticeabledis-
tortion asexpectec? with Fd3m spacegroup. Only Mnl|
oxide as secondary phase gppearsin minor tracein the
back goround which confirm success of selenium-dop-
ingintheinvestigated range.

Itiswell known that spinel LiMn,O, asacathodic
material istoo poor to be substituted or replaced by
LiCoO, dueto thegradual degradation of its capacity
on cydling. Thedegradation mechanismshavebeen pro-
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Au Tudian Yournal



48

Solution route synthesis of selenium (1V)-doped-LiMn__ Se O, spinel

CTAIJ, 7(2) 2012

22X x4

Full Paper

posed as (@) structural damagedueto Jahn-Teller dis-
tortion, (b) dissolution of thespinel into thee ectrolyte,
(c) oxidation of the el ectrolyte on the surface of the
cathode at the highly charged state’-%5,
Accurateretvidd andysisof structureindicated that
al sampleshavethefinger print pesksof Li-Mn-O spindl
(redcirdesinFigurel, ) withhighdegreeof crystdlinity.
Thelattice constants of cubic spinelswere cal cu-
lated and found to be a= 8.2879(1) A° for x = 0.02
mole and a= 8.2803(4) A° for x = 0.04 mole which
arelower than undoped one (a=8.2896(3)) sincethe
radii of the sixth coordinate Se** and Mn* are 0.050
and 0.066 nm, respectively. So that the unite crystal
volume compresses, that what was expected, and in

Int

full agreement with Xu et a .29,

Theseresultsin full agreement with thosereported
by Wolska et al .l who stated that substitution with
very small quantitiesof Fe™* ionsfirg restrainsthe par-
tial ordering of Mn® and Mn** ionsinthe spind super-
lattice and then stabilizes cubic spinel structure of
LiMn,O,.

Confirmation of synthesized pure spinel and Se-
doped spinelswithformulaLiMn, Se O, (wherex=
0.02,0.04 mole) structures were performed through
theoretica treatment by visudizing of structuresof both
experimental andtheoreticd lattice coordinatesof spind
structure (Figure 1 ,1€) viaDiamond Impact Crystal
package.

4.5e7
4e7—
3.5e7
3e7T
2.5e7
2e7—
1.5e7
1e7—]

He6—}
; l | |

Visualised XRD-profile of Se-substituted Li-Mn-O Spinel

I I I I
10 20 30 40

! I I 1
50 G0 70 a0
2Theta

90

Figurel : Visualized XRD-profilefor LiMn,O, spinel.

The study made was concerned by matching and
comparison of calculated and theoretical dataasbond
distances, oxidation statesand bond torsononthecrys-
tal structureformed. The comparison between experi-
mental and theoretical dataexhibited moderatefitting
of peak positions between experimenta and theoreti-
cal data(Figure 1€) confirming that Se-IV substitutes
successfully on crystal structureon Mn (111) Sitesinthe
investigationrange.

Theandysisof bond distancesand anglesrecorded
in TABLE 1 and 2 one can notify that there are no
violation on the MnSe-O bond distances observed
which reflect thenarrow ratio of dopant eement (Set+**)
ion does not cause any kind of distortioninside poly—
octahedronsand consequently latticestructureof soind.

Furthermorethetors onsonthe bondsangleinside
| atti ce and superlattice of Se-doped spinelsdoesnot
destroy spind structurewnhich reflect suitability and fit-
ting between doping element and substituted
managanese (I11) sites.

Scaning electr on micr oscopy
Themorphology of powdered samplesfor undoped
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and doped samplefired at 750°C inair for 50 hr, were
investigated by scanning electron microscope (SEM)
after coatingwith gold. Figure2__representsthe cap-
tured images for undoped LiMnO, powder and Se-
doped spinels. withlow —magnification of 750 times,
themorphology of thispowder reveal sthat the powder
exhibitsirregular porousagglomerates. It can bemore
clearly observed that there are many micro—holes in
thesurface of the particles, thisporousmorphology is
beneficid for thediffuson of ectrolyteinto theinterior
of the particleduring fabrication of thebattery. Thefor-
mation of porous morphology isattributed to there-
lease of the gases such as CO, and H,O from theinte-
rior of the particlesduring the heat treatment. In other
words, the organic condtituentsin LiMnC O, (AC) pre-
cursor hasbubbling effect. Themorphol ogy of thesame
sample (LiMn,O,) doped with Se (x =0.02 and x =
0.04 mole) with magnification of 35000times. Figure
2b,c reved that the sample haveregular nano—sized
grainsof averagesize 137 nm and theaverage particle
sizeis~15.6 nm.

Theseaveragesof grain and particlesizeof pure
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and Se-doped spinelsarefully consistent with those
reported by Lu et al.!?l who synthesized uniform
spinel by using emulsion technique with spherical
powderswith asizedistribution which ranged from
0.1- 0.15 pm.

Electr ochemical measurements
Specific capacitiesinvestigations

Figure3, . showstheinitial andtenth charge-dis-
chargecurvesof Li/ LiMn, Se O, coincellswherex =
0.0,0.02 and 0.04 mole respectively at a constant
charge-discharge rate of C/15 over the voltage range
of 4.5-3V. The theoretical and experimental capacities
arecompared.

Thetheoretical capacity of theLi/LiMn,O, cell is
148 mA hg'™ onthebasisthat oneLi per Mn,O, unit
isreversbly intercalated and deintercalated at 4.12 V.
But, LiMn,O, showsactual value of about 125mA h
g' correspondingto 0.81-0.89 of total Li in LiMn,O,
reversibly utilized withinthevoltagerangeof 3—4.5'V.
Whilethe specific capacitiesrecorded for first charge
and dischargecurve of Se-substituted spine swere 123
and 119 mA hg'' respectively.

It was observed that for thefirst ten cyclesthe ca
pacity retentions (losswith cycleability) were promoted
as salenium doping increasesrecording maximumfor X
=0.04 mole (0.42 % loss per cycle) and 0.48 % |l oss
per cyclefor LiMn, .Se, .,O, and minimum one for

the undoped parent LiMn,O, which equal to 1.76 %

—= Full Paper

TABLE 1: Somesdlected lattice coor dinates,bond distances
inside unit cell of Se-substituted Spinel Li-M n-O.

Tablel CoI(_)fl ctzltilr::;es Di?arllr?ce

Atom1l Atom2 xa y/b zly dA°

Lil 01 0.0124 0.0124 -0.0124 1.7415
Lil 01 0.0124 -0.0124 0.0124 1.7415
Lil o1 -0.0124 0.0124 0.0124 1.7415
Lil o1 0.2624 0.2376 0.2376 1.7415
Lil o1 0.2376 0.2376 0.2624 1.7415
Lil o1 0.2376 0.2624 0.2376 1.7415
Lil Mnl|Sel 0.2500 0.2500 0.2500 1.7927
Lil o1 -0.0124 -0.0124 -0.0124 1.9705
Lil O1 0.2624 0.2624 0.2624 1.9705
Mnl|Sel O1 0.4876 -0.0124 0.4876 0.1778
Mnl|Sel O1 0.4876 0.0124 05124 0.1778
Mnl|Sel O1 0.5124 -0.0124 05124 0.1778
Mnl|Sel O1 0.5124 0.0124 0.4876 0.1778
Mnl|Sel Lil 0.3750 -0.125 0.6250 1.7927
Mnl|Sel Lil 0.6250 -0.125 0.3750 1.7927
Mnl|Sel Lil 0.6250 0.1250 0.6250 1.7927
Mnl|Sel Lil 0.3750 0.1250 0.3750 1.7927
o1 Mnl|Sel 0.2500 0.2500 0.2500 0.1778
01 01 0.2376 0.2376 0.2624 0.2904
01 01 0.2624 0.2376 0.2376 0.2904
01 01 0.2376 0.2624 0.2376 0.2904
01 Lil 0.3750 0.1250 0.3750 1.7415
01 Lil 0.3750 0.3750 0.1250 1.7415
01 Lil 0.1250 0.3750 0.3750 1.7415

TABLE 2: Somesdected symmetry operationsand anglesinsideunit cell of Se-substituted spinel Li-Mn-O.

Atoml Atom2 Symmetry Op.1 Atom3 Symmetry Op.2 Angle213

o1 0.25-y, -0.25+x, -0.25+z o1 -0.25+x, -0.25+z, 0.25-y 9.565
o1 0.25-y, -0.25+x, -0.25+z o1 X, 0.5-y, 0.5-z 180.000
o1 0.25-y, -0.25+X, -0.25+z o1 0.5-x,y, 05z 170.435
o1 0.25-y, -0.25+X, -0.25+z o1 0.5-x,0.5y, z 170.435
o1 0.25-y, -0.25+X, -0.25+z o1 X, Y, Z 174.475
o1 0.25-y, -0.25+X, -0.25+z o1 0.25-%, 0.25-y, 0.25-z 5.525
o1 -0.25+y, 0.25-x, -0.25+z o1 -0.25+x, -0.25+z, 0.25-y 9.565
o1 -0.25+y, 0.25-%, -0.25+z o1 X, 0.5y, 0.5-z 170.435
o1 -0.25+y, 0.25-%, -0.25+z o1 0.5-x,y, 0.5z 180.000
o1 -0.25+y, 0.25-%, -0.25+z o1 0.5-x,0.5y, z 170.435

o1 o1 0.5-x,0.5-y, z o1 0.5-x,y, 0.5-z 60.000
o1 0.5-x,0.5-y, z 01 X, 0.5-y, 0.5-z 60.000
o1 0.5-x,0.5-y, z Lil 0.5-x,0.5-y, z 139.211
o1 X, 0.5y, 0.5z Lil 0.25+y, 0.25-x, 0.25+z 85.217
o1 X, 0.5y, 0.5-z Lil X, Y, Z 35.264
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Atom1l Atom2 Symmetry Op.1 Atom3 Symmetry Op.2 Angle213

Lil 0.5-x,0.5-y, z Lil 0.25-y, 0.25+X, 0.25+z 14.385
Lil 0.5-x,0.5-y, z Lil 0.25+y, 0.25-%, 0.25+z 114.385
Lil 0.5-x,0.5-y, z Lil X, Y, Z 103.946
Lil 0.25-y, 0.25+X, 0.25+z Lil 0.25+y, 0.25-%, 0.25+z 114.385
Lil 0.25-y, 0.25+x, 0.25+z Lil X, Y, 2 103.946
Lil 0.25+y, 0.25-%, 0.25+z Lil X, Y, 2 103.946

LiMn204 Cubic spinel

oy
LR
-
Fig.2a
. e
pot Magn Det WD Exp | | 200 um
T——

0 161X SE 99 0

M‘l’ ..wlup Uel WU Do fipn eV SpolNagn Dol WD Lm%

E‘Oi‘-'?i Wom 55 1044 B HAKYET 20540 SE 8F O
Figure 2 : SE-micrographs captured for pure and Se-
substituted spinels. Amplification factor =200,10and 1 pm.
(a): undoped LiMn50y; (b): doped with x =0.02 mole; (c):
doped with x=0.04male.

seeFigure4.

Accordingly theenhancement of cycleability/first
10"cyclesasclear in Figure4, specidly for thesample
with optimal doping content x =0.04 moleisdueto Se
(IV) resistsredox reactionsonitsimmersed el ectrolyte
and stabilizespind crysta structureby reinforcing lat-
tice stability towards Jahn-Teller distortion inside
MnSeO, —poly-octahedrons.

Itiswdl knownthat thetwo pairsof the oxidation
and reduction peaks of LiMn,O, spinel werelocated
around 4.21 and 4.06 V, corresponding to the two-
stagerevers bleintercal ation/dei nterca ation processes
of lithium4. Theresultsobtained inthisstudy are con-
sistent with those reported previoudy*#*?, Whoisin-
dicating that the oxidation of Mn® to Mn* contributes
to the oxidation peaksin theinvestigated voltagerange
for theLiMn,O, and so it isreasonableto assumethat
only Mn* in both substituted spinels causesthe oxida-
tion and reduction peaks?” and that theamount of Mn®
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Figure 3, .: First,10" and 20" cyclesof chargeand dischar ge

curvesof type 2016 coin cellsat C/20rate. Cell—Li-0.5 M
LiPF,in (1.1 wt.% EC+DEC)-LiMn, Se O, (where x
=0.0,0.02 and 0.04 mole).
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isdecreased by doping, thereby resultingin adecrease
intheobserved charge capacity.

CONCLUSIONS

The conclusiveremarkscan bebriefed asfollow:

1-capacity retentions (performance loss with
cycleability) were promoted as Se-dopingincreases
recording maximum for x =0.04 mole(0.42 % loss
per cycle) and 0.48 % loss per cycle is for
LiMn, ,.Se, O, andfinally minimum onefor the
undoped parent LiMn,O, which equal to 1.76 %.

2- charging cathodic capacitiesrecorded were found
to be 125,123,119 mA h g™ respectively for pure
and Se-substituted spindswithx =0.0.0.02and 0.04
molerespectively.

Accordingly the enhancement of recycleability of
Se-doped samples specially that with optimal doping
content X =0.04 moleisdueto Se(1V) resistsredox
reactionsonitsimmersed e ectrolyte and stabilize spindl
crystal structure by reinforcing lattice stability towards
Jahn-Teller distortioninside MnSeO, —poly-octahe-
drons.

REFERENCES

[1] T.Nagaura, K.Tazawa; Prog.Batteries Solar Cells,
9, 20 (1990).

[2] K.Ozawa; Solid State lonics, 69, 212 (1994).

[3] W.Ebner, D.Fouchard, L.Xie; Solid Statelonics, 69,
238 (1994).

[4] J.R.Dahn, U.Von Sacken, M.R.Jukow, H.Al-
Janaby; J.Electrochem.Soc., 138, 2207 (1991).

[5] C.Delmas, |.Saadoune, A.Rougier; J.Power
Sources, 43-44, 595 (1993).

[6] R.J.Gummow, M.M.Thackeray; J.Electrochem.
Soc., 140, 3365 (1993).

[7] J.M.Tarascon, W.R.Mckinnon, F.Coowar,
T.N.Boowner, G.Amatucci, D.Guyomard;
J.Electrochem.Soc., 141, 1421 (1994).

[8] D.Guyomard, J.M.Tarascon; Solid State lonics, 69,
22 (1997).

—= Full Paper

[9] X.Qiu, X.Sun, W.Shen, N.Chen; Solid State lonics,
93, 335 (1997).

[10] Y.K.Sun; Solid State lonics, 100, 115 (1997).

[11] J.M.Tarascon, E.Wang, F.K.Shokoohi,
W.R.Mckinnon, S.Colson; J.Electrochem.Soc., 138,
2589 (1991).

[12] T.Ohzuku, M.Kitagawa, T.Hirai; J.Electrochem.
Soc., 137, 769 (1990).

[13] R.Bittihin, R.Herr, D.Hoge; J.Power Sources, 43-
44, 223 (1993).

[14] Y.Toyoguchi; Eur.Pat.Appl., 0390, 185 (1990).

[15] S.Bach, M.Henry, N.Buffer, J.Livage; J.Solid State
Chem., 88, 325 (1990).

[16] T.Tsumura, A.Shimizu, M.Inagaki; J.Mater.Chem.,
3, 995 (1993).

[17] PBarboux, J.M.Tarascon, F.K.Shokoohi; J.Solid
State Chem., 94, 185 (1991).

[18] W.Liu, GFarrington, F.Chaput, B.Dunn; J.Electro-
chem.Soc., 143, 879 (1996).

[19] GX.Wang, H.K.Liu, S.X.Dou; Solid State lonics,
120(1-4), 95-101 (1999).

[20] L.Guohua, T.Uchida, M.Wakihara; J.Electrochem.
Soc., 143, 178 (1996).

[21] A.R.West; In Basic Solid State Chemistry; Wiely,
New York, 57 (1991).

[22] R.Koksbang, J.Barker, H.Shi, M.Y.Sa; Solid State
lonics, 84, 1-21 (1996).

[23] M.M.Thackeray, W.I.F.David, J.B.Goodenough;
Mater.Res.Bull., 17, 785 (1982).

[24] M.M.Thackeray; J.Electrochem.Soc., 142, 2558-
2563 (1995).

[25] R.J.Gummow, A.de kock, M.M.Thackeray; Solid
State lonics, 69, 59 (1994).

[26] C.Xu,Y.Tain,Y.C.Zhai, L.Y.Liu; Materials Chem-
istry and Physics, 98, 532-538 (2006).

[27] E.Wolska, M. Tovar, B.Andrzejewski, W.Nowicki,
P.Pisora, M.Knapp; Solid State Science, 8, 31-36
(2006).

[28] C.H.Lu, SW.Lin; Journal of Power Sources, 93,
14-19 (2001).

[29] H.J.Bang, V.S.Donepudi, J.Prakash; Electrochimica
Acta, 48(4), 443-451 (2002).

[30] J.M.Tarascon, D.Guyomard; J.Electrochem.Soc.,
138, 2864 (1991).

) CHEMICAL TECHNOLOGY

Hn Tndéan g%wumé



