
　
第 46卷　增　刊

2007年　6月

中山大学学报 (自然科学版 )

ACTA　SCIENTIARUM　NATURALIUM　UNIVERSITATIS　SUNYATSENI
Vol.46　Sup.
Jun.　2007

　

ElectrochemicalImpedanceSpectraand
State-of-chargeAnalysisofLithium-Thionyl

ChloridePrimaryBatteries
①

GOULing-ling
1
, YUANZhong-zhi

1
, ZHONGQing-hua

1
, LIUJin-cheng

2

( 1.SchoolofChemistryandEnvirementalScience, SouthChinaNormalUniversity, Guangzhou510631, China;

2.EVEBatteryCo.Ltd, HuiZhou516006, China)

Abstract:TheEISofLi/SOCl2batteries( 3.6V/1.2Ah) weremeasuredatvariousSOCinthefrequencyrange20kHz～ 5mHz.Itwas

foundthattheEISalteredwithstrongregularityduringthedischarge, whichexternalizedthetwosemicirclesbecomingbiggergradually,

aswellasthesecondarysemicircledriftingupwardsgradually.ItispossibletousetheEISaltercharacteristicsforestimatingthecells

SOC.ThemostinformativeparametersfortheSOCtestintheregion40% ～ 0%aretheImZ＊, log(Z＊ ) andphaseθ＊ontheextreme

pointofanEIS.
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　　Theproblemofthepredictedavailableremaining
capacitymonitoringbya.cimpedanceisanimportant
aspectoftheprimaryandsecondarycells

[ 1-3]
.With

theassumptionthattheanodelithiumelectrodemeltsu-
niformlyduringdischargewithasmoothsurfaceandits
contributiontotheimpedanceofcellsisnotgreatand
maybeignore, Inthispaper, thecellsEISweretested
atactivestateaftereachdischargewithouttheeffectof
thepassivefilmontheanodelithiumelectrode.

1　Experimental

TheelectrolyteoftheLi/SOCl2 cellswas1.2mol/

LLiAlCl4 /SOCl2 andabout5% SO2.TheEISmeas-
urementswereperformedonanAutolabElectrochemi-
calStationwith5mVamplitudeatopenpotentialafter
variousamountsofchargehadbeenremoved.Thecells
dischargedon330Ψload.Atleast4hwasallowedto
elapsefordiffusionalprocesseswithinthecelltobe-
comecompletedbeforethecommencementofthea.c
experiment.Andthebasicimpedanceparameterswere
thenanalysisedwiththecellsSOC, includingtheOhm-
icresistanceR, phaseθ

＊
, thelog(Z

＊
), aswellas

theimaginaryImZ
＊
andrealReZ

＊
constituentsofthe

impedanceattheextremepointofEIS.

2　Resultsanddiscussion

2.1　TheEISofthecellsatdifferentSOC
Infig1, theimpedancespectraatthevariousSOC

differedthroughoutthewholerang, 0 to100%.At
100% SOC, thelargesemicirclecorrespondstothere-
sistanceofthepassivefilmformedonthesurfaceof
lithium.Andtheeffectofpassivefilmwasnotdetected
mostlyat97% ～ 0% SOC.Thepassivefilmwasbro-
ken-downwhenthecurrentpassedthroughtheanode
andcathodeelectrodesofthecell.Andsothediameter
ofthesemicircularonhighfrequencyminishedconsid-
erablyatfirst.Thedualsemicircularshapewasmain-
tainedmoreorlessthroughouttheregion.Withthe
SOCdecreasing, thesecondsemicircularbecamebig-
gerandbigger, aswellasshiftedupwardsgradually.
Thecharacteristicofthefirstandsecondsemicircular
onimpedancespectragivesonechancetousethistwo
semicircularforpredictingSOC.Theenlargedparton
highfrequencyrangeisshownasthelittlefigarein
Fig.1.Thewaytheimpedancecharacteristicsalter
bringsachancetousetheimpedancephaseθ

＊
, ImZ

＊

andlog(Z
＊
) fordeterminingtheSOCoflithiumthio-

nylchloride.
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2.2　Thedependencesoftheimpedanceparame-
tersoncellsSOC
AsshowninFig2, thedependencesoftheimped-

ancelog(Z
＊
), ImZ

＊
andPhaseθ

＊
arebettercorrela-

torsofthecellsSOC.Andthereisanobviouscommon
pointfromthedependencesofImZ

＊
, log(Z

＊
) and

phaseθ
＊
thatthisthreeimpeda-nceparametersbecame

increasingconsiderablywhenthecellsSOCis≥ 40%
(about480mAhcapacity).Andinthisintervalof
40% ～ 0%, thecellsSOCispossibletoestimateuse
ImZ＊, log(Z

＊
) andphaseθ

＊
attheextremepointof

impedancespectra.At<40% SOC, thecellsSOCis
difficultytodetermineduetotheabsenceofobvious
changeintheinformativeparameters.Herethede-
pendencedifferslargelyfrompaper

[ 4-5]
, whichispos-

sibleduetothedifferentmanufactureandingredientof
theimpedanceparametersinthisexperiment.

Fig.1　ThechangregulationofEISduring
dischargeprocess

3　Conclusions

Theimpedancespectroscopymay, inprince, be
usedforestimatingSOCofaLi/SOCl2 battery.Todo
this, thepassivefilmmustberemovedatfirst.Andthe

impedanceImZ
＊
, log(Z

＊
) andphaseθ

＊
ontheex-

tremepointofanimpedancespectrumcanbeemployed
forthebatteryastheinformativeparametersfordeter-
miningthecells≤40% SOC.

Fig.2　DependencesofimpedanceparametersonSOC
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摘　要:对 Li/SOCl2实体电池不同荷电状态下电池电化学阻抗谱测试, 结果表明, 电池阻抗谱变化有很好的规律, 主要

体现在阻抗谱中两个圆弧的先较小后增大。这就有可能根据电池 EIS谱局部变化特征来预测电池的荷电状态。在电池荷电

状态≤40%时, 其有效预测参数为阻抗谱高频端圆弧最高点对应的 ImZ＊, log(Z＊ ) 及相角 θ＊。
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