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Abstract

Solid state lithium-ion batteries not only increase the energy density of batteries compared to liquid
batteries, but also solve the safety problem of explosions caused by leakage in traditional liquid batter-
ies. Due to low ion conductivity and poor reaction rate at the solid interface, the rate performance of
solid-state lithium batteries is poor, and the rate performance of solid-state batteries cannot meet the
needs of practical applications, becoming a bottleneck in current development. In response to the im-
pact of wide temperature range environment and rate performance on the performance of solid-state
batteries, this paper uses COMSOL multi physics field simulation software to model and simulate solid-
state batteries with lithium cobalt oxide (LCO) as the positive electrode, lithium metal (Li) as the nega-
tive electrode, and lithium phosphorus oxygen nitrogen (LiPON) as the solid electrolyte. This study
simulates the rate performance of solid-state batteries by coupling multiple physical fields through in-
terfaces such as three current distributions, solid heat transfer, and dilute material transfer. And it
studies the temperature changes, rate performance, and concentration distribution of lithium ions in
solid-state lithium-ion batteries at different temperatures of 60°C, 40°C, 20°C, 0°C, -5°C, -10°C, -15°C,
and -20°C. Detailed discussion and exploration of the impact of changing electrolyte thickness and
cathode thickness on reducing lithium ion transport distance and improving lithium ion work effi-
ciency on battery rate performance. The simulation results show that reducing the transmission dis-
tance of lithium ions appropriately to improve transmission efficiency can effectively enhance the rate
performance of solid-state batteries. This article studies the rate performance of solid-state lithium
batteries in high-temperature environments and proposes a method to improve the rate performance
of solid-state batteries in low-temperature environments, providing guidance and engineering value
for the structural design of solid-state batteries.
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Figure 1. Schematic diagram of a two-dimensional solid-state lithium battery
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Table 1. Key parameters for battery modeling [10]
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Figure 2. Relationship between electrochemical and thermal models
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Figure 3. Discharge curves at different temperatures
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E 4. EER5EENENS SRR

MWL 5 R OBEE R IR, RIS Ao ERBARZE T ES . AMFEGERT, -5CTHRFR
AR, —10CHK, —15CHRAK, RYIEFVERE I8 ZAR A BRI o i A B 520, SEma i 7
i, IR PRI T [ 25 Lt A BB A 2 1 e R M LA 2 S MR AR, S BUBCR IR 22 . AEAH RN
FET, TR ARG, BRI U AR, A P AT A T RN S N R R

eiiy

5

DOI: 10.12677/ms.2026.161004 32 PR R


https://doi.org/10.12677/ms.2026.161004

A AR 5 R N HE RIS RO A R AR S R L R R N (n—15C A 4C), TR A R R 2R
o XM TAREME GRS AR, 3 H R ™ 5.

0. 40

-5C -10C -15C

0. 35 [ 0. 33682 0. 33762

0.30732

0.30

(=]

.25 F

0.22662 0.2262 0.21963

(=]

.20 F 0.18815

AE (Ah n®)
o

15 F

0. 13295 0. 13187
0. 1221

0. 10378

o

10 F

. 05 L 0. 0473

(=]

0.00
0.1 1 2 4

% (C)

Figure 5. The effect of rate and temperature on capacity

Bl 5 BR5EENEENFME

Kl 6 R 7 HIMAE-5C. —10°C 15 CHIMEE T Bt 2. R 85 I8 B0k [ 25 Hib A 45 B 2 1
SO, BEAE R E RS, A E NIRRT . SRR -5 CHIBLL 0.1C JBUHERE, HihE R
F]0.336 Ah'm2, B PL 4C BUER EZA RN 0.219 Ahm 2, 258 N[ 34.8%. 1] LAE H H B A0,
6 H BT N, R O ARG R SR R R R R SR T A 5 N AN SR BT I A AR A
B TEBARMERO1C A IC)MIEN T, Mt rBeE & e, mEBONFE, P65 st
A o TR RS A5 22 (0 2C F 40T, FLF R FETEPR, AP 6B, B 7L & 5 25 R A
PHA NI I 2, 3 350 s 2 TR N H R T BT 25 ik

N T RS BT FL AR R LB, RS B R B AT U i A (5B N AR (22).

Eayipon (T—T )
_ 0, kT T "
D, =De "™

WRIETRERILK) « ky~ T~ Eaypoy M D AERRSER PR EME, SRR S T R
K A R BRI IR B IR T O 7 DI UE SIS AR, X BB AE M AT RSB E
S 1 3% FEL I P SR AR R AL

K7 R T EZSEHE 60°C (a). 40T (b)s 20C (c)» —=5°C (d)~ —10°C (e)%—15C (HIEE FLL 1C
JECHL 25 A TR R, 1800 s FRLI AR B2 R AR A AR 0L . E SR AR T, RIS Fi it 5O 1800s I H Bl 25
IR E 2N 5.8C (60C). 4.7°C (40°CYF1 3.5C (20°C), 4541 3 ANEEEE T B0 28, F A
BElR S s pAs OB IR, IR A R, Wi E S, SR SRR e . TERIR
FEER, JiH 1800 s I B SHEIR N 3.42°C (-5°C). 2.37°C (—10°C)HI 1.9°C (—15°C), FHFEIRIEZH
PG B B RN = 3R BE, HAL 22 IR N N, SR E .

Kl 8 7R 1 1800 s IR [EI A5 FILAE 4C 80 FEL A 2 T AN [ T 8 P A o A B IR FE I 4] R

(22)

DOI: 10.12677/ms.2026.161004 33 PR R


https://doi.org/10.12677/ms.2026.161004

BB &

BE (D

4.2

= (. 1C

HE (VD

= 0. 1C

= 2C

—

0.2
A& (Ah m?)
@)

4.2

0.3

0.10 0.15 0.25
A (Ah n™)

(b

0.20

4.1

3.7

= (. 1C

0.05
A (Ah m®)

©

0.10
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Figure 9. Maximum lithium-ion concentration in electrolyte at different temperatures
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Figure 10. Cathode lithium-ion concentration graphs at 60°C (a), =5°C (b), and —15°C (¢)
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Figure 11. Discharge curves at a discharge rate of 1C at —5°C for different cathode thicknesses (a); relationship between
cathode thickness and capacity (b)
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Figure 12. Two-dimensional distribution of lithium-ion concentration at —5°C and a discharge rate of 1C: (a) 0.6 um, (b) 0.7
um, (c) 0.8 pm, (d) 0.9 um
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Figure 13. Discharge curves of different electrolyte thicknesses at a discharge rate of 4C at -5 ° C (a); Relationship diagram
between electrolyte thickness and capacity (b)
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Figure 14. Two-dimensional distribution of lithium-ion concentration in different electrolyte thicknesses at a discharge rate
of 4C at =5°C: (a) 2 um, (b) 1.5 pm, (c) 1 pm, (d) 0.6 um
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