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SynthesisandCharacterizationofLiFe0.7 Mn0.3 PO4 /C
CathodeMaterialforLithiumIonBatteries
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Abstract:LiFe0.7Mn0.3O4 /Cwassynthesizedat650℃ bysolid-statereaction.Structure, surfacemorphologyandelectrochemical

propertiesofLiFe0.7Mn0.3O4 /CwerecharacterizedbyX-raydiffraction, scanningelectronmicroscopy, andelectrochemicalmeasure-

ment, respectively.ResultsshowthatLiFe0.7Mn0.3O4sharesasingleolivinestructure.ThemorphologiesofLiFe0.7Mn0.3O4aregreatly

affectedbytheadditionofcarbon.TheLiFe0.7Mn0.3PO4 /Chasasmallparticlesizeof100 ～ 200nmandcarboniscoatedonthesurface

ofLiFe0.7Mn0.3O4 uniformly.LiFe0.7Mn0.3O4 /Cdemonstrateshighreversiblecapacityandperfectcyclingperformance, andexcellent

ratecapability:thereversiblecapacityofabout141 mAh· g-1atacurrentrateof0.1Candthecapacitylosspercycleisonly0.19%

aftercycling60times, whilethatofLiFe0.7Mn0.3PO4is0.53%, suggestingtheelectrochemicalperformanceofLiFe0.7Mn0.3PO4isim-

provedeffectivelybyadditionofcarbon.
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　　OlivineLiFePO4 hasattractedsignificantinterest
asagoodcandidatepositiveelectrodeinnextgenera-
tionofLi-ionbatteriesforthehybridelectricvehicle
application

[ 1]
.

InadditiontoLiFePO4, aseriesofolivinestruc-
tureLiMPO4 (M =Mn, Co, Ni) havebeenconsid-
eredasattractivecathodematerialsrecentlybecauseof
theirhightheoreticalcapacityofabout170mAh· g

-1

andhighequilibriumpotentialbasedontheM
3+
/M

2+

couple
[ 2]
.Amongthesematerials, LiMnPO4

[ 3]
seems

tobeoneofthemostattractivecandidatesbecauseof
the4.1VhighpotentialofMn

3 +
/Mn

2+
versusLi/Li

+
,

whichiscompatiblewiththeelectrolytespresentlyused
inlithiumionbatteries.However, thelowconductivi-
ty
[ 3]
oftheLiMnPO4 makestheinsertionorextractionof

lithiumintoorfromthelatticedifficulttoberealized.
Someresearchers

[ 2]
havetriedthedopingofirontoen-

hancetheconductivityofthiscompositeandsynthe-
sizedtheLiFexMn1-xPO4 material.Padhietal.noticed
thattheextractionoflithiumfromLiFexMn1-xPO4 oc-

curredat3.4and4.1 V(versusLi/Li
+
) , whichcor-

respondtotheredoxofFe
3+
/Fe

2+
andMn

3+
/Mn

2+

couples, respectively.Itwouldgeneratehighenergy
densityprovidingthathighercapacitycanbeachieved
athighMncontent.

Inthispaper, wechosethexvalueof0.7 and

synthesized the pure and carbon-containing

LiFe0.7Mn0.3PO4 bysolid-statereaction.Theinfluence

oftheadditionofcarbonblacktotheperformanceofthe

materialwasdiscussed.

1　Experimental

Thepureandcarbon-containingLiFe0.7 Mn0.3O4

compoundswerepreparedbysolid-statereaction.The

rawmaterialsofLi2CO3 ( 99.9%) , MnCO3 (AR),

NH4H2PO4 ( 99.5%), andFeC2O4 · 2H2O ( 98%)

weremixedinastoichio-metricratio.LiFe0.7Mn0.3PO4

/Cwassynthesizedbyaddingcarbonblacktothesyn-

theticmixture.Themixturewasfirstlygroundfor12h

byballmillingunderAratmosphere.Thenthesamples

wereregroundfor8 hbyballmillingaftertheywere

sinteredat300℃ for4 h.Finally, thematerialswere

annealedat650℃ for24hinapurifiedAratmosphere

topreventtheformationofFe( Ⅲ ) compoundsasim-

puritiesandthefinalproductofpureLiMn0.7Fe0.3PO4

andLiMn0.7Fe0.3PO4 /Cwereobtained.

2　Resultsanddiscussion

TheXRDprofileofthesynthesizedLiFe0.7Mn0.3PO4

andLiFe0.7Mn0.3PO4 /Cpowdersshowthatallpeaks
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canbeindexedaspureandwell-crystallizedLiFePO4

phasewithanorderedolivinestructureandaspace
groupofPnma

[ 4]
givenbyJCPDScardNo.83 -

2092.Thereisnoevidenceofdiffractionpeaksforcar-
bon, possiblyduetoitslowcontent.Theamountof
carbonintheLiFePO4 /Ccompositewasabout4.8 %
determinedbytheweightlossafterheatingthepowder
inoxygen, whichhasbeenusedbyYangetal.

[ 5]
.The

XRDresultdemonstratesthatthesolid-stateroutede-
velopedinthepresentworkcouldsynthesizesingle-
phasedproductLiFePO4 withnounwantedimpurity

phases, suchasLi3PO4 andFe
3+
-relatedcompounds.

TheintensityofdiffractionpeakforLiFe0.7Mn0.3PO4 /
CisalittleweakerthanthatofthepureLiFe0.7Mn0.3PO4.
Itindicatesthatthedopedcarbonplaysanimportant
roleinrestrictingthegrowthoftheparticles.Thesmall
particlesizeiswhatweexpectedbecausethediffusion
coefficientoflithiumionintheolivinecathodes( 10

-14

～ 10
-16
cm

2
·s

-1
) ismuchlessthanthatoftheother

cathodematerials, suchasLiMn2O4 ( 10
-9
～ 10

-10
cm

2

· s
-1

).Thesizeofparticlescanbeminishedbythe
additionofcarbontoimprovethediffusionvelocityof
lithiumion, whichisalsoprovedbythemeasurement

Fig.1　Charge-dischargecurvesofLiFe0.7Mn0.3PO4 / C

at0.1Crate

ofSEMandelectrochemicalstudies.SEMimageindi-
catesthattheLiFe0.7Mn0.3PO4 /Chasasmallparticle
sizeof100 ～ 200nmandcarboniscoatedonthesurface
uniformlytoreducetheparticle-to-particlecontactre-
sistance, thussignificantlyenhancingtheelectrical
conductivityofthecomposites.

Charge-dischargetestswerecarriedouttomeasure
theelectrochemicalpropertiesofthepreparedsamples.
Agoodplateauatabout3.4 and3.5 Vonthedis-
chargeandchargecurvecanbeseenandareversible
capacityof141 mA· h· g

-1
canbeobtained.Battery

withtheLiFe0.7Mn0.3PO4 /Chasagoodcyclingperform-
ance.ThecapacitylosspercycleofLiFe0.7Mn0.3PO4 /C
andLiFe0.7Mn0.3PO4 is0.19% and0.53% aftercyc-
ling60 times, suggestingtheexistingofcarbonhelp
improvethecyclabilityofLiFe0.7Mn0.3PO4.
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锂离子电池用正极材料 LiFe0.7 Mn0.3 PO4 /C的合成与表征

何则强
1, 2
, 熊利芝

1, 2
, 吴显明

1
, 陈　上

1

( 1.吉首大学化学化工学院, 湖南 吉首 416000;2.中南大学化学化工学院, 湖南 长沙 410083)

摘　要:采用固相反应法在 650℃合成了 LiFe
0.7
Mn

0.3
PO

4
/C。采用 X-射线衍射  扫描电镜和电化学测试对材料的结构 、

表面形貌和电化学性能进行了表征.结果表明, LiFe0.7Mn0.3PO4具有单一的橄榄石结构。 碳的加入有效地改变了 LiFe0.7
Mn0.3PO4的表面形貌。 LiFe0.7Mn0.3PO4 /C的平均粒度在 100-200nm, 碳均匀地分布在 LiFe0.7Mn0.3PO4的表面。与 LiFe0.7
Mn0.3PO4相比, LiFe0.7Mn0.3PO4 /C具有更高的可逆容量和更好的循环性能以及优秀的倍率性能:0.1C时 LiFe0.7Mn0.3PO4 /C

的可逆容量达到 141mAh· g-1, 60次循环后平均每周的容量损失只有 0.19%, 而 LiFe
0.7
Mn

0.3
PO

4
平均每周的容量损失只有

0.53%, 表明碳的加入有效地改善了 LiFe0.7Mn0.3PO4的电化学性能。
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