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Abstract:Anewprocessinvolvingultrasonicseparationofelectrodematerials, aciddissolution, precipitationofcobaltandlithiumhas

beenappliedtorecovermetalsvaluesfromspentlithium-ionbatteries.Theeffectoforganicsolventonseparationofelectrodedecrease

astheorder:NMP>DMF>DMSO Acetone.Ultrasonictreatmentcanreducetheseparationtemperatureandtimes.Intheoptimized

process, electrodematerialscanbeseparatedcompletelywhenultrasonic-treatedwithNMPat40℃for15min, 99.4% ofCoandLiof

separatedelectrodematerialscanbeacid-leached, 99.5% ofcobaltioninacidsolutioncanberecoveredeasilyassphericalCoC2O4

powders, and94.5% ofLiinthesurplusfiltratecanberecoveredasLi2CO3afterthedepositionofcobalt.TheLiCoO2 , preparedfrom

therecoveredcompoundsofcobaltandlithium, isfoundtohavegoodelecrtochemicalperformance.
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　　Therecyclingofmetalvaluesfromspentlithium-
ionbaterries(LIBs)isabeneficialwaytopreventen-
vironmentalpollutionandasalternativeresourcesofco-
balt, copper, aluminum, lithium.Bynow, several
processesfortherecyclinghavebeenproposed

[ 1-4]
.In

thisstudy, anewprocesshasbeenappliedtorecover
metalsvaluesfromspentLIBs.

1　Experimental

Cylindrical18650 sizeLiCoO2 /LiCxspentLIBs

wereopened.Theinternalrollsweretreatedunderthe
followingprocess:①Separationofelectrodefromcur-
rentcollectorbyultrasonictreatmentwithorganicsol-
vent.② AcidleachingofLiCoO2.③ Recoveryofthe
cobaltintheleachingsolution.④ Recoveryoflithium
inthesurplusfiltrateafterthedepositionofcobalt.⑤
PreparationofLiCoO2 withtherecoveredcompounds.

Theconcentrationoflithiumandcobaltinsolu-
tionsweredeterminedusingaPerkinElmerOptima
2100DVspectrophotometer.MorphologyoftheLiCoO2

powderswasobservedusingHITCHIS-3500 SEM.The
charge-dischargeperformanceofLiCoO2 wastestedina
half-cell.

2　Resultsanddiscussion

AsshowninFig.1, theseparationeffectbyultra-
sonicvibrationisbetterthanthatbymagneticstirring.

　　 Fig.2 showsthattheeffectoforganicsolventon
theultrasonicseparationdecreaseastheorder:NMP>
N, N-dimethylformamide(DMF)>Dimethylsulfox-
ide(DMSO) Acetone.Theoptimizedprocessisul-
trasonictreatmentwithNMPat40℃ for15min.The
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separationtemperatureandtimearesmallerthanthat
reported

[ 3]
, whichcanlessenharmoforganicsolvent.

H2SO4 +H2O2 werechosentodissolveCoandLi
fromtheseparatedelectrodepowders.Basedonleac-
hingexperimentsresults, theconditionswereoptimized
tobe3mol/LH2SO4 , 1∶2 H2O2∶H2SO4 molarratio,
70℃, 1∶10 initialS∶Lratio, and1h.99.4% ofCo
andLiwereleached.

Thecobaltintheleachingsolutionwasrecovered
at50℃ byprecipitation.TherecoveryofCoreached
97.1%, 99.5%, 94.4% whenusing2mol/LNaOH,
1mol/LNa2C2O4 , 1mol/LNa2CO3 asprecipitatorre-
spectively.BecausesphericalCoC2O4 wasprepared
easily, whichisbeneficialforfiltrationofprecipitates
andpreparationofhighdensityLiCoO2 , thecobaltis
recoveredasCoC2O4.

Thesurplusfiltrateafterthedepositionofcobalt.
wasconcentratedtocontainabout3mol/LLi, andthen
treatedwithasaturatedNa2CO3 solution.Resultsindi-
catethat94.5% ofLicanberecoveredwith100%ex-
cesssaturatedNa2CO3 solution.
2.5　PreparationofLiCoO2

TherecoveredLi2CO3 andCoC2O4 (Li∶Comolar
ratio1.05∶1)weremixeduniformlyandheatedat
900℃ for10htoobtainLiCoO2.AsshowninFig.3,
thesynthesizedLiCoO2 showsclosesphericalmorpholo-
gieswithabout10μmparticlesize, aspecificcapacity
of153mA· h· g

-1
andgoodcycleabiltyat0.2Ccur-

rent.

3　Conclusion

InthenewsimpleLIBsrecychingprocess, ultra-
sonictreatmentcanreducetheseparationtemperature

Fig.3　Morphology(left)andcharge-discharge
curves(right)ofLiCoO2

andtimesofelectrodematerials, CoandLicanbeef-
fectivelyrecoveredandreusedtopreparehighdensity
sphericalLi2CoO2 withgoodelectrochemicalperform-
ance.
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废旧锂离子电池中有价金属的回收

李建刚 , 赵如松 , 刘华臣
(北京石油化工学院应用化学系 , 北京 102617)

摘　要:采用超声波分离电极材料 -酸浸 -钴锂沉淀新工艺分离并回收了废旧锂离子电池中的有价金属。超声波分离中
所研究溶剂的分离效果为:NMP>DMF>DMSO 丙酮。 超声波处理可降低分离温度与时间。采用该工艺 , 电极材料用

NMP于 40℃超声波处理 15min可完全剥离;所剥离电极材料中 99.4%的钴锂可酸浸出;酸浸液中 99.5%的钴离子可以高

密度球形 CoC2O4回收;钴沉淀分离后 , 滤液中 94.5%的锂离子可以 Li2CO3沉淀回收。以所回收钴锂化合物制备的 LiCoO2

具有良好的电化学性能。
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