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Effect of Conductive Agent Morphology on High Rate Discharge
Capability of Li-Ion Batteries by Mathematical Simulation

JIN Wei-Ren LU Shi-Gang® PANG Jing
(R&D Centre for Vehicle Battery and Energy Storage, General Research Institute for Nonferrous Metals, Beijing 100088, China)

Abstract: Tow kinds of lithium ion batteries, using one kind of conductive agent in cathode only, KS-6 or Super-
P, were prepared and their rate discharge performances were compared. Their discharge processes were simulated
also. The discharge capacity of cell using Super-P as cathode conductive agent at 15C is 84.3% of that at 1C
rate. The discharge capacity of cell using KS-6 as cathode conductive agent at 15C rate only holds 21.8% of that
at 1C rate. The rate discharge performance of former is superior to the latter.The results of simulation
demonstrate that the Bruggeman coefficient for cathode using KS-6 is 3.1, which is much larger than that for
cathode using Super-P (2.76). This is ascribed to flaky shape of KS-6 since these particles are prone to stack
parallel in electrode. When discharged at large current, the electrolyte in cathode using KS-6 is depleted and the

electrochemical reaction in this region ceases. The discharge capacity declines steeply.
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Fig.1  Structural model of Li-ion batteries
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Table 1 Adjustable parameters for cell
) ) Li,Mn,0; (cathode) .
Physical property Symbol (Unit) Cathode A Cathode B Li,Cs (anode)

Electrode thickness 6%, 6/ um 54.5 51 325

Particle radius R,/ pm 7 7 35

Electrode porosity & 0.308 6 0.334 1 0.354 6

Bruggeman coefficient a 3.1 2.76 2.46

Separator thickness 6,/ pm 40

Separator porosity & 0.4

Bruggeman coefficient of separator a 2.17

Electrolyte concentration C / (mol -dm?) ] (il velue)

x2 BXYESH
Table 2 Parameters of material properties
Initial stoichiometric coefficient of lithium in cathode ¥’ 0.269
Initial stoichiometric coefficient of lithium in anode %° 0.674
Matrix conductivity of cathode o’/ (S+em™) 0.1
Matrix conductivity of anode o’/ (S-em™) I
Reaction rate constant of cathode K,/ (m*-mol™-s) 0.46x107101
Reaction rate constant of anode K_/ (m™3+mol -7 2.515x10701
Diffusion coefficient of Li* in LiMn,0, D,/ (em*-s™) 1x1022!
Diffusion coefficient of Li* in graphite D,/ (cm?+s™) 3.9x10701¢
Transfer coefficients ,, 0.5, 0.5
Open-circut potential of cathode UIv 4.918+0.032th(-12.7y+7.4)-0.685exp(—0.24y)+
0.2exp(—26(y-0.24))-0.085y—0.050 5(1.006—y) =
0.722 2+0.138 68x+0.028 952x*°-0.017 189x'+

Open-circuit potential of anode Ulv 0.001 914 4x7"°+0.280 82exp(0.9-15x)—

Maximum concentration of Li* of cathode
Maximum concentration of Li* of anode
Density of cathode active material
Density of anode active material
Transference number of Li*

Diffusion coefficient of electrolyte
Conductivity of electrolyte

Ambient temperature

C,/ (mol -m™)
C,/ (mol -m™)
p! (grem?)
P
.0

D/ (em?s™)
Kk / (mS-em™)

T/C

0.798 44exp(0.446 49(x—0.92))
23 630

30 540

428

22

0.4\1“

5.4x10 exp(=0.65C)
0.911+19.101C-10.52C%1.554C> "
25
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