%23 B 8 TERREEFR 2013 4 8 J1
Vol.23 No.8 The Chinese Journal of Nonferrous Metals Aug. 2013

TEHES: 1004-0609(2013)08-2235-08

{2 F Wit LiMn,O,/A = B B diEH
BRI A E

ko, oaRae, gp & A2 B, R R M A BN, ks

(1. FRRE ek E TR, Kb 410083;
2. PEIRZ RYIFFRE I e e b Rl S 23 LR h o, R 518057)

B OE: Ay ORI E, B LiMnyOy/f1 S840 85 1 r o AU 5, 36Tl AL RO T R T LK
LR T R A B O BT 7 o 45 R EORRE , E S AR A [ A O, FLREE R
TEFERIRN, [ VAR B AL A3 K o FEARS T STBURDRE A2 X [ A T R R i S 25, ik NV 4 R
Rz REE OB AR Btk . 21E . AR TEY R 422 5 B 10 F1 12 pm J8/NEI 5 f1 6 pm, 76 1C TR
1 800 s INF, Uk F THIAN Lo [ B8 IR B 22 0 BRI 2 SRR 1K) 25.35% 11 25.07%;  241E SOARiE PEY SR 2351
10 F1 12 pm 3903 20 F 24 pm B, 0K THIFT AR Co PR 29 0 B 72 43 3 I 22 K1) 391.66% 11 266.96%.  FELAR
JERE S S BAT EORAG I— AN E B ER, R RE AR RS AR U R AR, AT/ FEAR (OB S A o
E . R EARS R 23 5 90 A 60 pm BEINZE 112.5 F1 75 pm, 7E 1C K 1 800 s I, 5T ] BB KA B ik i
7= 5P SAk B T A AR S i 14.05%80 1.71%38 0238 19.54%F0 2.61%;  241E. FRIERE 25t 90 1 60 pm /N E
67.5 F1 45 pm I, R 7 ] ) S R B IR B 22 5 PRI O EUABL 20 Sl B 14.05%F0 1.71%080/ N2 8.72%F1 0.98% .
KHEIA: BUEOTEG ARSI EARY G OGRS

FEISES: 0646 NEkbRERS: A

Simulation of diffusion polarization in
LiMn,O4/graphite Li-ion battery during discharge process
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Abstract: Taking a LiMn,0O,/graphite battery as the research object, the diffusion polarization and its influencing factors
of the battery were studied by numerical simulation method based on the one-dimensional electrochemical model. The
results show that both liquid phase and solid phase diffusion polarizations exist in the positive and negative electrodes,
and diffusion polarization increase with the conducting of the discharge process. The particle size of active materials has
a distinct impact on the solid phase diffusion polarization, reducing the active material particle sizes can reduce the solid
phase diffusion polarization effectively. As the particle radius of active materials in positive and negative electrodes
decrease from 10 and 12 um to 5 and 6 pm, respectively, the lithium ion concentration differences at surface and center
will drop by 25.35% and 25.07%, respectively, when it discharges at 1C for 1 800 s. When the particle radius of active
materials in positive and negative electrodes increase from 10 and 12 pm to 20 and 24 pm, respectively, the lithium ion

concentration differences at surface and center in positive and negative electrode rise by 391.66% and 266.96%,
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respectively. The electrode thickness is a major influence factor of the liquid phase diffusion polarization, decreasing it

can decrease the liquid diffusion path and the liquid phase diffusion polarization. As the thicknesses of positive and

negative electrode increase from 90 and 60 um to 112.5 and 75 pum, respectively, the ratios of the largest lithium ion

concentration difference and the average lithium ion concentration along the positive and negative thickness direction

increase from 14.05% and 1.71% to 19.54% and 2.61%, respectively. And when the thicknesses of positive and negative

electrode decrease from 90 and 60 pm to 67.5 and 45 um, respectively, the ratios between the largest lithium ion

concentration difference and the average lithium ion concentration along the positive and negative thickness direction
decrease from 14.05% and 1.71% to 8.72% and 0.98%, respectively.
Key words: numerical simulation method; electrochemical model; solid phase diffusion; liquid phase diffusion; Li-ion

battery
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Fig. 1 Schematic diagram of electrochemical model of Li-ion

battery
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Table 1 Electrochemical model parameters
Negative Positive
P Tt P t t
ropery arameter electrode Separator electrode
Thickness, 6/um 60 25 90
Particle radius, R/pum 12 10
Design specification Active material volume fraction, & 0.56 0.5
(geometry and volume
fraction) Polymer phase volume fraction, ¢, 0.058 0.12
Conductive filler volume fraction, &; 0.05 0.05
Porosity(electrolyte phase volume fraction), &, 0.332 0.5 0.330
Solid and electrolyte phase Average electrolyte concentration, ¢/(mol'm ) 1200 1200 1200
Li" concentration Maximum solid phase concentration, ¢y/(mol-m *) 26390 ¥ 22 860 ¥
Charge-transfer coefficients, a,, a. 0.5,0.5 0.5,0.5
Li* diffusion coefficientm of solid phase, Dy/(m*s ")~ 3.9X 107 ® 1.0X107129
Kinetic and transport Solid phase conductivity, o/(S'm ") 100 3.8%
property Li* diffusion coefficient of electrolyte phase, Do/(m*s ™) 2.6X107'°  2.6X107°?  2.6X107'°Y
Electrolyte phase ionic conductivity, x/(S'm ") 1.896 9 1.896 9 1.896 9
Li" transference number, tf 0.363 0.363 0.363
a) Ref[6]; b) Ref[20]; c) Estimated.
R2 TR
Table 2 1D electrochemical model equations
Characteristic part Conservation equation Boundary condition
_ de.c O( et O -2 4 ac, oc,
ReeCe) 9| peft & S = =
Species, electrolyte phase o 6x( e o ce |+ 7 j a0 Ax el
S . ld h aCS 7&£(r2 %j aCS _0_ acs 3 jLi
pecies, solid phase oty or or orlr=0 " " orlr=R, aF
0 [, eir OF, 0 [, et Olnc,) Li 0. o¢.
—| kT = |+ —| k) ——= |+ " =0 = =0
Charge, electrolyte phase 8x( o P e J ox k=0 x k=L
| _wdh| 1
_ O ( et OB, L Oox |x=0 ox|x=L A
Charge, solid phase 1o < |=J
Ox Ox g, _9¢, _
ox |x=68_  ox xX=0, -
Electrochemical kinetics Li . a,F aF
= agiy4 exp| — —exp| ——% , n=¢,— ¢, U
reaction rate / ) 0{ p[ RT 77} p[ RT 77}}
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Fig. 2 Comparison of simulated results with experimental

data of Li-ion battery discharged at 1C
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after discharged at 1C for 10, 900, 1 790 s
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Table 3 Maximum, minimum and average lithium ion concentrations and concentration difference along thickness direction of

positive and negative electrode relaxed for different times after discharged at 1C for 1 800 s

Negative electrode

Positive electrode

Relaxation
time/s Cavg/ Crnax! Crnin/ Acmay/ Cavg/ Crnax! Crnin/ Acmay/
(mol'm™>)  (molm™)  (mol'm~) (mol'm?) (mol'm ) (mol'm ) (mol'm ) (mol'm )
0 7172.8 7226.5 7103.5 123.0 11723.8 12 652.0 11 004.3 1647.7
100 8027.5 8 056.1 7992.1 64.0 11481.5 12 296.6 10 823.6 1473.0
200 8236.1 8254.1 82139 40.2 114525 12 170.3 10 854.9 13154
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Fig. 4 Lithium ion concentration at center (co) and surface (cg) of active material particles across electrode with different active

material particle sizes discharged at 1C for 1 800 s



2240

A G A R

201348 H

LC JHHL 1 800 s Hif 1 A7t HOAR #4437 5 Ak PR3 1 420 i Rksr
LRI R R B IR FE R 40 AT

B 4 7T RUE 1, 240 SOSE PR JFORA 20980/
IRTGERETL) 172 I, JHORL R [T 55 Hh O PR 1R
ZEW SRR TR I AT 2 £,
R 5 O RS IR B ZE R THE AR R,
2 1IE SRS YE Y JUBURR ARS8 N — 2, S R
FETHUR P 0 PR PS80 58 22 9/ N SRR 1) 25.07%, 1TE AR
TTURSE 2 TN 00 RSP 38 R B2 22080/ R A 1T 25.35%
UORARIG I — A5, SRORRRORE R T AN O TR B
ZEWINEJFORE 266.96%, [ ARISURL 1AL 1)
Py B 2= N 2 J5 K1 391.66%, Wt WY/ NE 4 I
RURERLAT BEAT R BRAG R A oAb . X0 BRA R4S
N, BRBS TR RN H R, AERARY R
BAAR PG OUT 5 RO TR O PR B 1R R TA 3]
PTG R R R . Ak, BRI A S
(OSGIE:E

3¢,

. 3-e -y —¢p)
s

R

as, =

(1)

S S

b ag WIERIER; o MHMEDTARRDLG &,
g, M e AR FREG RIS T AR RR 0 2
REAR Ik BERE H EY I (0 BER TR, 2 ik )
JRC RS e, HORTIROR, Wtk R I i
B R B DN, T AR B R At ) o

13.2
0s (@)

12.8 - 0s
"= CRro75L
A— CrIL

v — CR-125L

124

1201

11.6

11.2

10.8 -

Li-ion concentration/(kmol+m™)
)
S
S
7]

104 -

| 1 |
60 100 140 180
Distance from separator/um

220

24 HBREEMREEISEN

Kl 5 37 AN ) rEUAR 2 BE PR it 28 1C ifrE 1800
s JEH'E 0. 100+ 200 s 5 1F Gt HIAR A B A 135
W) TR R THI B 2 TR B 3 A . 0.75L 1L, 1.25L
32N A R DA 2 2 TR s 19 0.75 £% 1 A5 R 1.25
5o AP AR LGB e i, H AR R AR
SRECEHED S AR, O T RIE SR B
(1) AR AAH ) £ e 50, AREAEL S8 o (19 T80 B L A
B )5 REAR A AR AH R 4

M S FTRAE H, A RSB oL, HAR
JERERE/AN, R E T T3 T A2 RORE R T PR IR
ZERB/AN e 2 4 BT AR AN ] VR JE R 11 P i 5 H i e
0. 100, 200 s s J5£JE 75 ] ) e KRR B8 13k i 2 55173
WREEMILUAE, AR4E I 5 b gen] B, BB IR EE 0
S AR, BARAS R, PTUAVEE RS IR 2 T
WREETLOE RN, WA AR o AT s 5]

B2 4 A4, HIARJSRE 5 1) iR B iR A )
AIPEE AR IR R A O . Bl PR S RE R, 4
W ERMZ G, Rz, W, I HIER R
BTIREZE R THAM . 44 2.2 TR, 2
FE AR AR U B AR A A T 81k, AR LR AL
ARE DL, A I AR S B AR P R BT
T PRI TR 2 AH Y P e AR o DRI, S9N
A, AT DA 58S A SR B

b
_200W)
- IOOW

L
=

oo
)

x
o

L
B— Cro75L 7
A— CRaIL

v— CR-125L

Li-ion concentration/(kmol+-m™)

>
=)

0 20 40 60 80
Distance from negative current collector/um

B 5 A EHEE R IBLE 1C T 1 800 s /S 0« 100, 200 s IS IEH. T &Ar B AL i35 k4 S5 s 25 [h F 2 8 -k i

i

Fig. 5 Lithium ion concentration at surface (cr) of positive (a) and negative (b) active material particles across electrode of batteries

with different electrode thickness relaxed 0, 100, 200 s after discharging at 1C for 1 800 s
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Table 4 Ratio of maximum lithium ion concentration difference and average lithium ion concentration along thickness direction of

positive and negative of batteries with different electrode thickness relaxed 0, 100, 200 s after discharging at 1C for 1 800 s

Negative electrode

Positive electrode

Relaxation time/s ACpmax/Cavg ACmay/Cavg
0.75L L 1.25L 0.75L L 1.25L
0 0.98% 1.71% 2.61% 8.72% 14.05% 19.54%
100 0.40% 0.80% 1.40% 7.88% 12.83% 18.01%
200 0.25% 0.48% 0.86% 7.10% 11.49% 16.19%
and future[J]. Journal of Power Sources, 2010, 195: 2419-2430.
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