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Abstract : In the present study, the discharge characteristics of a lithium-ion battery was evaluated to calculate the rate of heat
generation under various discharge rates by mathematical modeling. The modeling and simulation of a pseudo-two dimensional
ionic transport system for governing Butler-Volmer equation were carried out by using FEMLAB as a PDE (partial differential
equation) solver, where the discharge rate was changed from 5 A/m’ to 25 A/m’. The computational results showed that the
concentration of consumed solid-phase lithium at the surface of electrode was increased with increasing discharge rates. While
the resulting diffusion limitation occurred shortly, it increased the rate of heat generation even more rapidly for the internal
voltage to approach the cutoff voltage of the lithium-ion battery.
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Figure 1. Schematic diagram of a lithium-ion cell.
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Table 1. Design parameters of the present lithium-ion cell[5]

Anode Cathode
Parameters . Separator .
(LiyCe) (LixC00y»)

Thickness (um) 73.5 25 70
Particle radius (um) 12.5 - 8.5
Initial .electrolytescon- i 1000 i
centration (mol/m”)
M lid ph -

ax Sf)l p ase}con 31,858 i 49.943
centration (mol/m”)
Active3 material density 5031.67 i 2202
(kg/m)
Porosity of region 0.4382 0.45 0.30
Solid-phase diffusion 1

See Eq.7 - 1x10

coefficient (mz/s) et
Reacti t
(;2?;,;’“ ffz‘sel) 1.764 x 10™" - [6.6667x10™
Electr ductivit

ectronic conductivity 100 i 10
(S/m)
Bruggeman's number 4.1 2.3 1.5
Transference number - 0.435 -

E.2 Table 13} 7t} E Ao ALd=
%L%él% W& 7}E mlo]= 2 H|=(meso carbon micro bead,
MCMB), 181 %= 2AE LiCo0,2 #83+9t}

=9 HZof| wpe} Ao A A} o]Fol o5 WA E =
ALY i thY Aa Zrh

€ ole e =

—o, VP, =1, ¢

~

|

B4 Helet AFE

1
Ueblet, SHA 12 A1, 25 A4S ebie, 2]
A ATl e HEEAE, AAES dajdoA e gEol
= W, 02 DALY AEEE oulstal shA}t i H5
o] ZF A-(E=-n, Ee|H-s, F=-p)= Av|aeh. HAGelA
O] HshAg A 9ot AL Fof o A4 the
Aol osl AAHrt
Charging
I—
® 9e0
| I—
o 000
I—
0000
| I—
Negative electrode  Separator Positive electrode
Li,Ce Polyethylene Li;,CoO,
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Table 2. Boundary conditions for FEMLAB modeling[5]

Variable Negative electrode Negative electrode/separator Separator/positive electrode Positive electrode
Cy Ve, =0 — D NVey,=—D Ve, —D.NVey,=—D Ve, Ve, =0
P, i, =0 - - i, =0
b, b, =0 0, Vo, =0 o, Vo, =0 o, VO, =1,
e+ (1 4 s )(1 Whne=i, @ e B 5 e DA el Auses
: b2} ojus) L, ni ERA ] TS waln 4] (8)3} 7o)

SIA iz AN HREE, cis oSl SRS e
A R R 2

Z] A
o Theo] 4 ()t go| ARt

ac, 1, V't
St V(D Ve,) = “F

+a’jloz?(17t+) (3)
A7IA De BAATE Qulst, HAFolM ] EtAe=
Valoen and Reimers[6]2] &17L ZAi}of 93] t}g-2] 418 A&
stote

[~4.43—54/(T—0.005¢, —229.5)— 2.2 <10 ¢,

D,y =1X 1074 %10 ] 4)

Egh, DA Yol B Ag2 Aol FRFH ] AAE
B2 o]Ro]A k= Ao 7Sk Fick's lawo] 2s) o2
Aoz AARETT]

&)

SRl A 0] BHAS Dol Pk AR uhE7EA R Valoen
and Reimers[6]9] @725 e th A3} o] 7h4 st

D, = 14623 < 10~ B¢ [68026.7/ (R(1/318—1/1T))] (©6)

0]

A (5)9] 75 v A A g FRRAE 7HA AL
71 gizofl, & dAFtolMs 5 SHFIA 2H7AE 244
Fe 2 ulol A Agsta, 7129 13- A e A o)
A3d}7] 93l Butler-Volmer W4 41-S o] 83}t AR} Ag
ATk A B EHelA] wASctT 7Y 519l u,
Butler-Volmer ®A44]& t}& Alx} Zt)

31‘&12;2

J

. ) f a
Jzoc:k“‘(‘it‘<‘1.,1-.,smf)1/2("2)1/2{%( QT;ZT) . p( QIZT)} @
n=o—-9,— (3)

A (6)91 4 k= B H7|skete] HhgARo| L, ¢, = A

A oJ=lct. Butler-Volmer B0 A Uk j, FH-2 A= Hol A
9] gEoll9 ZYHAE 9u|sl, FEMLABOJ|A] 9] extraction
coupling variables ©]-8-5Fo] Ztz} 1ahd A uljr7 A 2} 221
A Al Adskginh aAl e EEAE WA AN

Ao SAT MY AAZAL v A 2
—D Ve, =0 at r=0 Q)
—D Ve

:jloc at r=1R (10)
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Figure 2. Profiles of discharge potential evolving with time under
various applied current density.
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Figure 3. Concentration distribution of negative electrode subject
to various applied current density at the time of cut-off
voltage.
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Figure 4. Concentration profiles of negative electrode evolving with time.
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Uttt 2 Aol e ohea 2ol G & k(heat generation
rate) S B 7}5k= Al = SHATHS].
oU
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Figure 5. Profiles of heat generation rates evolving with time, for
various discharge rates at 298 K.
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