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SUMMARY

Policies to limit greenhouse gas emissions are being enacted globally to
stop the growing climate crisis, and Korea has likewise committed to

becoming carbon neutral by the year 2050 to help with the effort.

In particular, to lessen the direct use of fossil fuels, the availability of
electric vehicles that run on batteries is growing. The market for waste

batteries is anticipated to grow quickly as the electric vehicle industry grows.

In this study, the two main lithium-ion battery degradation processes— SEI
growth and Li-plating —were examined with the aim of predicting cycle life
by simulation of the P2D electrochemical model using GT-Autolion. Cycle life
was then used to ascertain how the degradation influenced the internal

temperature of the cell.

As a result, when the ambient temperature is low, the Li-plating
phenomenon happens quickly and its capacity is rapidly degraded, and when
the ambient temperature is high, the Li-plating phenomenon is decreased, and
the SEI growth is accelerated. The Li-plating phenomenon also happens more
quickly with a higher c-rate, which causes a rapid degradation in capacity.
The inner cell temperature was then measured, and it showed that the

battery degeneration was causing the temperature to rise.
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Fig. 15. Schematic model showing the extent of electrochemical performance

degradations in different cation-mixed states
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Table 1. Model parameters related to SEI growth and lithium plating

Description Value
Anode Thickness 487 [uml]
Cathode Thickness 40.75 [um]
Separator Thickness 25 [um]

Anode Initial Porosity 0.32
Cathode Initial Porosity 0.33
Separator Initial Porosity 04

Anode Loading 241

Cathode Loading 2
Separator Electrolyte concentration 1 [mol/L]

Anode Particle radius 10 [uml

Cathode Particle radius 5 [um]

Initial Film Thickness 5[nm]

5-10-6[S/m]

Film Conductivity

EC Diffusivity

2-10-18[m?%s]

SEI Charge Transfer Coefficient

0.5

SEI Molecular Weight

162[g/mol]

SEI Density

1.69[g/cm’]

SEI Porosity

0.07

Lithium Plating Exchange Current Density

0.001[A/m?]

Lithium Plating Charge Transfer Coefficient

0.5

Lithium Plating Morphology Factor

0.03

Cathode First Charge Capacity

190[mAh/g]

Cathode First Discharge Capacity

182[mAh/g]

Anode First Charge Capacity

371.933[mAh/g]

Anode First Discharge Capacity

350[mAh/g]
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Table 2. Analysis of capacity loss due to by SEI growth and lithium plating

Ambient Capacity loss due Capacity loss due Reached 20%
temperature to lithium plating to SEI growth capacity loss point

(C) (%) (%) (Cycle)

5 79.48 20.52 1,059

10 77.6 22.4 1,325

15 73.23 26.77 1,685

20 62.52 37.48 2,121

30 3.08 96.92 2,472

40 0 100 1,865

32



FAR Aol2 A5 BUS Fol e FodAsc] WEHY

o PN
-
o A st 96 dFE FoPAE 2404 A2 FAH

=
k=)
T At UEbE Ae #ad 4+ U4

FEa dAel s 4%
IC-ratecl| /| Al Edol A Magk A3} oF 1,600 Ate]Z5H #lEEw Ao T4
sttt
7
= = === SE| growth
6 || == Liplating
.5
=
<
= 4
[&]
o
o
8 3
w
w
b el
2 T o
1 -1 S -” il
G " 1 1 1 _If
0 500 1000 1500 2000 2500

Cycle number

Fig. 26. Comparison of model results in terms of Loss capacity by

lithium loss with cycle number at 1C-rate

33



2C-rateol| Al Al &

gEes Aol 2

A3sk Ay= Fig. 279 2o oF 600 Alo]&5-H

1700 Abol 23E 20% o] e §F o]

Askait.

= = === SEl growth
— || plating

Loss capacity(Ah)

1000 1500
Cycle number

0 500

2000

2500

Fig. 27. Comparison of model results in terms of Loss capacity by

lithium loss with cycle number at 2C-rate

34



FEg Aol WASHAI, oF 1200 Abo]F

Fig. 280 4= 3C-rated| A} A|Ed oA Wafst A} oF 300 Alo]ZHE

~J

R 20% o) ge) §F £4o) A

----- SEI growth
— | | plating

(8)]
L

Loss capacity(Ah)
w s o

Mo
L

0 500 1000
Cycle number

1500 2000

2500

Fig. 28. Comparison of model results in terms of Loss capacity by

lithium loss with cycle number at 3C-rate

35



Fig. 208 %3 4C-rate] 4 A Belo]8e AAF Axs tehhick. oF 150
Aol E BEEE @go] WAL, oF 1000 Aol FHE 20% ol 4ol &3

Aol Bt

=== == SE| growth
6 || = Liplating

Loss capacity(Ah)

0 500 1000 1500 2000 2500
Cycle number

Fig. 29. Comparison of model results in terms of Loss capacity by

lithium loss with cycle number at 4C-rate

36



Fig. 30¢ 4= 5C-ratecl| A Al&d#oldS a3k Ads e, F 100

Aol wEEF @abol TN, oF 900 Aol ENE 20% ol4be] §

Ae sk

=== == SFE|growth
Li plating

Loss capacity(Ah)

0 500 1000 1500 2000 2500
Cycle number

Fig. 30. Comparison of model results in terms of Loss capacity by

lithium loss with cycle number at 5C-rate

37



Table 3. Cycle point by lithium plating

Lithium plating start point

Reached 20%

C-rate capacity loss point
(cycle)
(Cycle)

1C-rate 1605 2,500
2C-rate 587 1,628
3C-rate 278 1,191
4C-rate 153 979

5C-rate 82 859
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Table 4. Parameters related to Thermal model

Description Value
Constant Conductivity_NCM622 20.98 [W/m-Kk]
Constant Density_ NCM622 2331.3 [kg/m3]
Constant Specific Heat_ NCM622 1071.9 [J/kg K]
Ambient Temperature 25 [TC]
Heat Transfer Coefficient 5 [W/m>K]
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Table 5. Comparison of cell inner temperature with cycle number at

1/3C-rate
Cycle number 500 1,000 2,000 3,000 3,300
Max. Temp.(C) 27.88 2797 28.08 28.2 28.4
Time(s) 10141 9732 9404 9117 8101
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Table 6. Comparison of cell inner temperature with cycle number at 1C-rate

Cycle number 500 1,000 1,500 2,000 3,000
Max. Temp.(C) 33.07 33.66 34.18 34.59 35.09
Time(s) 3342 3207 3104 3008 2674
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Table 7. Comparison of cell inner temperature with cycle number at 2C-rate

Cycle number 500 1,000 1,500 2,000 3,000
Max. Temp
() 39.65 40.86 41.65 42.37 42.98
Time
(s) 1650 1589 1534 1489 1324
S
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Table 8. Comparison of cell inner temperature with cycle number at 3C-rate

Cycle number 500 1,000 1,500 2,000 3,000
Max. Temp
) 45.15 46.66 4787 48.54 49.15
Time
(s) 1091 1049 1019 984 874
S
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Table 9. Comparison of cell inner temperature with cycle number at 5C-rate

Cycle number 500 1,000 1,500 2,000 3,000
Max. Temp
() 54.52 56.44 57.79 58.68 59.25
Time
(s) 649 624 604 584 519
S
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