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Analysis of Direct-current Resistance
for Li-ion Battery Using Symmetric Model Cell
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Abstract

An analytical methodology for DC resistance of Li-ion cells has been established in terms of separation of the re-

sistance attributed to each component in the cells. Those resistance have been identified by using positive/positive
[(+)/(+)] and negative/negative [(-)/(-)] symmetric model cells (SMCs) as well as (+)/(-) model cells (MCs) through-
out a high—temperature calendar life test. The intrinsic resistance values of positive and negative electrodes have
been estimated to be half values of DC resistance of (+)/(+) and (-)/(-) SMCs, respectively, where resistance corre-

sponding to the electrolyte in separator is excluded from those resistance ones. The increment ratio of the intrinsic

DC resistance of positive electrode is higher than that of negative electrode throughout calendar life test. It reveals

that the main factor of resistance increment of the cell is attributed to that of positive electrode. A method for deep

analysis of intrinsic DC resistance of positive electrode has been also proposed in terms of separation into further

4 components by characterization of (+)/(+) SMCs.
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Fig. 1 Schematic representation of (a) [(+)/(-)] model
cell(MQ), (b) [(+)/(+)] symmetric model cells (SMC),
and () [(-)/(=)] SMC.
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1EM/ B 7V 1)U 513 % 1IEM - €& A O DC
EHDO BN 12 DEITRT .

Rca]c.:R(+) +R(7)+RC1Q (1)
R(*) = (ans. _Rele_) / 2 (2)
RH = (Rneg. - Rele,) /2 (3)

T T, R FIEM/EMET)IVE)ILD DCEHLD
FHEAE, R, BXU R, EZNZNIEME XU EmE
BHD DC L, R EHEE /L — 2 —NDOEMED
I Ry BERU R (& TNZNIEM/ EME X THE
M/ B FRE T L)L DC BT TH 5. (2) RB&X

Table 1 DC resistance values of the test cells and the
(+)/(=) MCs discharged for 1 or 10 sec at 25 °C from
50% SOC. The cells subjected to a calendar life test
were examined as well as the fresh cells.
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IO 1 BRT 10 HD R, 7 100% & L
fz & 2 ORMEIRPIONREZRS. BBRICENT, 1
BEXUCI10BHDR, DHEMKRIZR, DZNED &
V. 2R, &Eithod DC EGTE N F R AN EMmE A
D DCE|PUSTERNT B ZzHHDLTWVS. TOIE
&G O DC PG 5 B ZHET 57201,
Ry DI 2 E HICHBELTz.

3.2 IEWER OIS0 B

Ry OISR DO BT DOV CERAT . M/
EMET IV 10 REEE Lz & & OEF -
Tu7T 7 A OIS % Fig. 31289, 10 BHOE
BICK DAL B EMOE A FIEDED (4) RiTR
9 4 DOEPILFICHHENS.

Ry = (AOCP/I)+ Rigpy + Rapp_ i) + Ray (4)

TTT, (AOCP/)& OCP /8T A—5&, Ry &4
— W VI, Ry aw (& 1 BB OISERERL 2 /g &
T B BT DOERMBENESL, £ LT Ry, (FHLHEEHT
ThHbd. TNTNOEGIET ORI GEFRIET 5.

(AOCP/)iZ, Fig 419 &K o1iC, 2. 3HICFH
L 7z [E#50D SOC-OCP ¢ DR 7z Bk 7z D D
BRERICEHML, —EORMARMDIZD DEXEI L
2L S 2 EMOEBEMNAROEENSEH L. 0

Table 2 Calculation (R..) and experimental (R.,,) of
DC resistance of the (+)/(-) MCs discharged for 1 or 10
sec at 25 °C from 50% SOC. The cells subjected to a
calendar life test were examined as well as the fresh
cells.

Applying current Ratio of increment of

Applying current Ratio of increment of DC

time / sec DC resistance / % time / sec resistance / %
Initial After test Initial After test
Test battery 1 100 120 Reatc. 1 100 114
10 100 120 10 100 115
(+)/(=) MC 1 100 114 Rex. 1 100 114
10 100 115 10 100 115
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Fig. 2 Results of separating A, of (+)/(-) MCs into DC resistance attributed to positive electrode (7)), negative
electrode (#-), and electrolyte held in separator (#..) in the cells discharged for (a) 1 or (b) 10 sec at 25 °C from
50% SOC. The cells subjected to a calendar life test were examined as well as the fresh cells.
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Fig. 3 Schematic voltage profile of (+)/(+) SMC
under applying current. (AOCP/7'), Rigiys Fapp._ciiy @nd
R4 are OCP parameter, ohmic resistance, apparent
charge transfer resistance, and diffusion resistance,

respectively.

2 (AOCP/I)
,,7

Corresponding to
50% SOC

Positive potential / V vs. Li/Li*

Amount of charge electricity / Ah cm?

Fig. 4 Schematic SOC-OCP profile of the positive
electrode of the test battery. Charge: At constant cur-
rent of 0.5 CA to 100% SOC followed by retention at
the constant voltage of 100% SOC, for 0.2 h over the
entire period.
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Fig. 5 Schematic (a) equivalent circuit and (b) Ran-
dles-type equivalent circuit of the (+)/(+) SMC. Cy
and Zy,, are electrical double-layer capacitance and
Warburg impedance, respectively.

IR(+)

2Rey i | |

-Im(Z)

Fig. 6 Schematic Nyquist plots with the Ran-
dles-type equivalent circuit of the (+)/(+) SMC.
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BREEHFHTICBNT, ARaD SRz 2L v
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Fig. 7 Schematic polarization curves obtained by 1
sec applying current at various current densities of
the (+)/(+) SMC.
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Fig. 8 Results of separating A, into DC resistance
attributed to Ryuy, Aapp._cenr vy, and (AOCP/7) by 10
sec applying current at 25 °C from 50% SOC. The cells
subjected to a calendar life test were examined as
well as the fresh cells.
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Fig.9 Changesin (a) Aeyp, (b) Ay, and (c) A of (+)/(-)
MCs with 50% SOC at 25 °C on square root of time
throughout the calendar life test.
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Fig. 10 Changes in Aywy, Aapp_ctisy Arenr and (AOCP/T)
for 10 sec A,y with 50% SOC at 25 °C on square root of
the time throughout the calendar life test.
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