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Abstract

The SEI reaction in the lithium-ion battery is the crucial factor that makes the battery degradation.
It is hard to study the influence of environmental factors on the characteristic of SEI reaction with
the conventional electrochemical experiment since the SEI reaction occurs simultaneously with
the battery reactions. In this study, the electrochemical degradation model of Li-ion battery was
established based on the SEI reaction. The influence of ambient temperature on the growth of SEI
film was studied. It was found that the thickness of SEI membrane increased with the elevated
temperature. The high temperature (338.15 K < T > 378.15 K) causes, to some extent the increase
of the rate of SEI reaction, but its effect on the speed of the increase of SEI film thickness is limited.
The growth rate of SEI film increases with the increase of charging rate. In the case of high rates
discharge, the rate has little effect on the growth of SEI film. In the case of low rates discharge, the
lower the discharge rate is, the thicker the SEI film thickness is. In addition, the effects of different
electrode thicknesses on the growth of SEI films were analyzed. The thicker the negative electrode
thickness is, the smaller the SEI film thickness is, while the positive electrode thickness had no di-
rect effect on the SEI film growth.
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Figure 1. Lithium-ion battery discharge
reaction process
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Table 1. Ternary material 18650 lithium-ion battery electrochemical model parameters
< 1. =Tih 18650 $BE FHE L FIREI S

¥ Uik [ EH S
FLARJESE L (um) 55 25 40 ik
TV TR e 0.662 0.58 [8]
HLARR AR 5K & 0.3 0.4 0.3 [8]
G5 5 [SmT] 10 0.1 [9]
BLT-2A% 1 (um) 5 5 [8]
HBBIRA R o [molm ] 1100 [11]
I KBS TR EE ¢™ [mol-m™®] 31080 51830 [12]
e AR 3edry [13]
P ¢, -(~10.5+0.074T - 6.69x10 °T* +0.668¢, —0.0178¢,T
LS By m- 14
& 5ml +2.8x10°¢,T? +0.494c, ~8.86810,T*)/10 [14]
R BH L 0.38 [14]
%ﬁ?ﬂﬂf%ﬁl%ﬁ D, [mzsfl] 10{4.A3\54/(T7(229>1:, ))+0.22¢, ] [14]
Y HR 2 Ds [em?s™] 1.87x10° exp(~3936/T) 4x101 [15]
S M k [ms™] 1178exp(-9237/T) 3.6exp(—9616/T) [15]
A A, [cm?] 1020.41 [11]
% 0% SOC, Xow, You 0.001 0.955 [11]
HE % 100% SOC, X100%: Y100% 0.790 0.359 [11]
RS U, U, =0.1493+0.8493exp (~61.79x) + 0.3824 exp ( —665.8x) [16]
—exp(39.42x —41.92) - 0.03131artan (25.59x — 4.099)
-0.00943artan (32.49x —15.74)
(0.001<x<0.7908) (X=C,, . /C.p o)
U, =-10.72y" +23.88y’ ~16.77y*
NCM “F-4 s fr U, +2.595y +4.563(0.3597 < y < 0.9555) [17]
(y = Cs,p‘surl /Cs‘p,max )
-107.75x" +77.265x° —14.327X°
O —— dU.  |-1.0731x+0.3706 (0< x < 0.4); 5
e RVR (M —n —
( ) dT —252.6x° +882.69x° —1181.7x" + 734.11x° [18]
~189.78x* +2.7368x + 4.377 (0.4 < x <1)
Wy, _ 0.0968Yy° +1.6689y° —4.3898y* +3.5863y°
NCM i 2 E(mV/K) ar ' ’ ’ [18]
-1.0882y* +0.1705y —0.1048
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Figure 2. Comparison of simulation results and experimental results
under constant current 1C discharge conditions
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Figure 5. Charge rates at 0.1C, 0.3C, 0.5C, 1C, 1.5C, and 2C SEI
membrane growth curve
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Figure 6. Growth curve of SEI film under 1 C, 1.5C and 2C dis-
charge rate
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Table 2. SEI film thickness within a single cycle growth table
F= 2. BMERA SEI REE KR

SR SEI i JE 5 (nm)

0.1C 0.79
0.3C 1.08
0.5C 1.37

1c 2.10

1.5C 2.96

2C 3.73
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Figure 7. SEI film thickness growth curve at 0.1C, 0.15C, 0.2C, 0.3C,

and 0.5C discharge rate
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Figure 8. Negative over potential curve under various discharge rates
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Figure 9. SEI film thickness growth curve at 55 um, 75 um, 95
um and 115 um cathode
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Figure 10. SEI film thickness growth curve at 40 um, 65 um and
90 um anode
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