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Fundamental scientific aspects of lithium ion batteries(XII)
—Electrochemical measurement

LING Shigang, WU Jiaoyang, ZHANG Shu, GAO Jian, WANG Shaofei, LI Hong
(Institute of Physics, Chinese Academy of Sciences, Beijing 100190, China)

Abstract: Electrochemical measuring methods have been widely used in the scientific researches on
lithium ion batteries for obtaining kinetic properties of electrode. In this paper, the features of electrode,
electrochemical polarization and measuring methods are introduced firstly. The application of cyclic
voltammetry (CV), electrochemical impedance spectroscopy (EIS), galvanostatic intermittent titration
technique (GITT) and potential relaxation technique (PRT) techniques in researches on lithium ion

batteries is discussed mainly.
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Fig.5 Equivalent circuit of two electrode system
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Fig.6 Simplified circuit of two electrode system
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Fig.7 Equivalent circuit of interface under the condition

of charge transfer
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Fig.8 Impedance equivalent circuit of semi-infiniti

diffusion

ik Ry, F C,, B SR BRES A R] Fl — AN R BB B Z,,
RER, Z, JHEBAN LR BED. BTy #E
B R A s R R AT, MR E R A
FR A EE, ERETNETHRBRXR. —K
IR ERBA 45° HiRlLk. AEE R,
BT B AR BHBURL R ST I K/ R FLBRE IR,
BB e BB AR Y BB 7E AR B R 2
V) F FL B B 2 LA P P AR AR PR 9 ARk 45 61
F&. HTHREUREZHFAR, FEEREERET
REMHTRT 8. ERERUATTEEHIEET,
AL 9 fin. BRUFZME T BSR4 E 5%
Tl R Z, B o AR SR s B BUT

(3) V¥ E PHAS W] Z20B% e 13 57 10 55 5% P R

YA L BE AN AT ZER BT, BT R A BRI R R
£ SRRV, R A 908 L BEL 5 7 T EL BELRY J T =R Bk

B9 REMUAFFZEERRFESFHER
Fig.9 Equivalent circuit of interface under the condition
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Table1 Chemical diffusion coefficient of lithium Dy; in

different electrode material

compounds Dyj/em?-s™ ref reliability
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Table 2 Chemical diffusion coefficient of lithium Dy ; in

different electrode material

2,1

compounds Dyi/em™s ref reliability
Li,_NiO, 107°~107 (10] y
Li;_Co0, 107°~107® (10} Y
Li;_,C 107"-107® [ V
Lip 3Cro. Mn, 50, 10781077 [12] R
Lig sMn;04 1071%~107° [12] v
carbon 10710 [13) )
LiNig sMn; 504 107'2~10770 [14] v
LiNiy,Mn, ,0, 1071 [15] v
LiCoO, 107"%~107" [16] )
LiCoO; 1072107 [17] )
Li;_FePO, 1078<107¢ [18] x
silicon 10"%~107"2 (51 v
silicon film 1074~107 (19} v
Li;_,FePO; (coating C) 107 #~107" [20] x
Li; .FePO, (coating ZnO) 10781071 [21] x
LisV2(PO,)s(single phase) 107'%~107° (6] v
Li;V4(PO,); (two-phase) 10783~10°® (6] x
LisTisOy, 1075107 [22] x
LisTisOp, 1071210710 [8] x
LiFePO, 1078107 [23] x
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Fig.12 Control signal and responded signal under single

saltation current
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Table 3 Chemical diffusion coefficient of lithium Dy; in

different electrode material

materials Dyfem®s™  ref  reliability
V,0s 107~107" [26] J
Lip3(Nt)sMnz)0, 1071~107 271 v
Liz3Cog.15Mng 50, 107" [28] y
LiM,sMn 1,604 107°~107° [29] v
Li,CoqsNig sO; 107°~107° (30] N
LiNi15Co15Mn50; 107" [31] v
LiNi;;Mn;,0, 107 [15] v
Liy-,MMn;04 107%~107"2 (32] v
graphite 107%~1077 [33] v
LiNips-,Coz:Mn, 5,04 107 -10°¢ [34] R
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LizV,(PO4)s 107~107"° [41] N
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Li[Nig sMng 3C00:]0: 1071~107 [43] N
Li;.VPOF 10%-10"7  [44] v
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K, D&/, x B/ DARK. BIEA XA
n(LiyaNi)>1 B, BB FHRBRAERE, m
n(Liyn(Ni)<1 B, #ETHRHERAE. SArdH0
WA,

B 13 AABHEHBEANFBBRE, LiMnO,
TEFF BRI B GITT #higk CGXEREMPHPUIER
PBIAT BAZED . B BARE R — RS INA R 7
R, MBI RBOTUEH, B AR B
AR AR A 088 P 2 KT 70 FL A ER AR FA R AL I B - S
14 3 LiMn,O4 HEMN B JE B~ RO BHE, ZEMB R
G NEA LN, W2 GITT MEBEXR. ARE
W E~t' ghek g, X 13 h T iRk
SZRHFR AP, T LBENE, HU T
REB KW DU BB # 6 f%. LiMnyO, £ FF 8
RS TR LSRN BARBE KT RASENY
HMARY, 5.
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Table 5 Chemical diffusion coefficient of lithium Dy; in

different electrode material

compounds Dyi/em?s™ ref reliability
LiMn,04 107" [36] Y
LiMny04 107° [47] V
LiFePO, 107 471 v
LiCoO; 107%~107"2 [17] \l
Li[Li13-2x3NizMng3_3]02 1074107 [48] N
LiMPO, 1077~1074 [49] wl
silicon film 1078 [19] v
LiMng sNig 50, 1073107 (501 v
LiFePO, (single phase) 1074~107" (39 v
LiFePO, (two-phase) 1071810713 [39] v
Li,FeSO.F 107 [40] v
LiFePO4(aqueous) 1074~107"? (511 R
LiFePO,(non-aqueous) 10715~107% [51] v
Li;MnO;-LiMO, 10712 [52] v
LizMn1.95Cro.0504 107~107 [53] )
silicon 107~107" [54] w/
MCMB 107" (55 v
LiMnPO, 10783~107" (56] «I
LisTisO12 1072~107" 57 «/
LisVa(PO4)5/C 107%~1077 (581 v
Li;MnO;-LiMn,Ni,Co,0; 10710 {59] R
LiFey 75Zn0.25P0q 107310710 [60] V
LiFePO, 1075~107 611 v
LiMn,0, 1071210710 [62] v
Liy 0sMn) goAlg 0304 107°~1077 [63] v
LiFePO, 1072 [64] «l
Li,Ni,Mn,Co; 5,0, 107 [65] J

J1%.
3.6 HAWMBAE (D —aismER

A7 T A (potential relax technique) &7
Hith 5 4 R W R A G BB A T TR AR R
PopE A AR R R, VR T ER B R B T
SR TR, 5 GITT LR A%, RNEK
BBt B masr . ZTERREHTE
Rl B SR ERECEH TAER FHInE
Btk o B 47 BN 1 R AT

KA BB EARNRES T BREMEE
FREIMRO)FR

In[exp(@m—¢)xF)/RT-11=—InN~(n* Dy;/d*)t (9

P, on N TERLEN, o AVIEEBAL, R
HEAREH(8.31 J/(mol-K)], T HHSHRE, d AT
MWWRER, Dy b Li fERRh Y 8RR, «
Ay BEL AT T S48 B f N T

B ESBINT: O ammapen, £
W ECHEREE 97%K A @7 Mt/ R —
EFERERT, PIWT IR, SR A CPT (chrono potentiometry
technique ) ic.3% H8 R BE I B AR AL i 4% @z A
KO In[exp(pm—@)xFYRT-11-t tEE, 4 5 58
SELHINE: @n[exp(pn—p)<F)/RT-1]-t HHLkit
TR, REERAMERE, AR ()R K8
MY BRE

FRECSZHZAEMET MCMB HP AR
RIZERCERA T HEE AT B8R, REDN
2B ABBBRE 10°~107 cm’s, BRESHE
$57F 107'°~107° cm?/s; & EIS. GITT. PITT. PSCA.
CPR 1 CV HEARMIE, BAMBEARFRS
HORETORE, FETTCAE AR EE T
AN, BANMENETSE LR, 2%
FHZTENE T #4YR 500 R R
(LiMnyOy) #aFP RS AT RS, Hu%
YRR EELE 107107 cm’/s ER, HAW
THMHARAAREE 7Y BRRES T RHX A
BT 8RAK. S, KHEZREO S RARBR
HER LiMny0, (x=0.1~0.9) £ ST THE F1ib
2 MABMNE, 34 4E T Monte Carlo 7715
PTEREARTHEE FRSE, EHTEMM
REAL (x=0.3~0.7) HEHILFYT AR ER T HAM
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