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Table 1.  Phase field simulation parameters.
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Fig. 1. Lithium dendrite growth models at different environ-

mental temperatures.
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Fig. 2. Experimental simulation comparison of maximum
lithium dendrite length under different environmental tem-

peratures.
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Fig. 3. Lithium dendrite growth at different ambient temperatures at the same time: (a) Li* concentration distribution; (b) diffu-

sion coefficient distribution.

220201-4


http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1
http://wulixb.iphy.ac.cn/CN/volumn/home.shtml#1

) 32 2 3R Acta Phys. Sin. Vol. 72, No. 22 (2023) 220201

3.2 MR S13A N S5 3T R A AR A K Y
HE R
T S T 2 R T P B R A R B S B
UL, A 22D R ) BT R R A i A K B R
PSR IS FFHUBRNE J7 5 AR 3 [ A 5 10t
FRGRERY, e T AU B 5 i ORR AR S S B R
TRICHR A A R AL AR .

3.2.1 REEBE

4 BRI A [ A
it IR FC ARl 0.67 GPa IS [RI PR TR T A
A AR, REECIE 1 R IR, IR RS T HL
INWIE P =L S ATl RN R 2L N B 7 Sl | S st
ALY, BEAE ABEIRBE H T E, BRA AR AE 30 s B R
RS PR E S ) 28 TR, UL
IS R B 1) B ORI, FR TR Iy &) 8
RIFE A HUMY 1 5 J6 R b i AR 2 31 T S i
(I, 33X T2 B RO 7R A AR K i R v 4|
e SEL 52N 13400, b TR AR L R T, it
N 7 2328 B a5 B 300 2R A Bl ok IR it A=
(8RS ) 22— BIFGE e B L N ) 25 S B g
T, SRR S H B ERR 1] EER AR 10 R e
R 25 2 1 MR S s o 3 BAE, NIRRT

T=280 K

B4 IR PR IE I BE TR] — I 2 ML AR - B 5 A5 7 ST ASE o A A Y

1 HLBR L ) 20 A

T=300 K

BB AT AE R AL A, I B T AR A AR K

FEFREE IR S 280 i1 300 K 4 L AR AR 745
AU BT N 6 FIF/R (1) <23 237 N HEL TR R A
XPHNE: | Bt A AH AR ASE SRR 25 i A 1) TR 1) 2E K
A ft 2R T A8 S e A R — T A MBS T B T <25 1.
s MR & T Litay G mas, S8 easii”
PN 23 [R] JE Tk FL OB ARG, P <2 TR f) H 34 i
T H LIRS LA BRI, AR TR
FIBTLBRRS .

AP 7 R A S AR A R S
e KRRV, 77 Bt 6 A ot ) 2B TS T o, 7 fb 2k
ENNE RN AN RS 7 <2 N A T B 1
P, 25 s Z 5 e KB KBt T8, KN
S RN 7 3B IR AR A 2 [l Y <Ll 5
A FEAAS A A KR, A A A K AL TR T
B BARTE A AL B A Y B A, I AR BE
BRI IR A K B BT, 2 R S U <l 43 kb e
H:—EB oA BRI SRS KA RS
H AR TP A <O 5L, XS
UL RERLR T AN, T LA SR K v —
BEmHA] G2 W TR e . S RN ) 3 B A
Al A H ARG AR Ok [T A AR IR A R
I 36 5, JIF LR AR 18 o 3 >3 D) A

|

=3

=
Stress/MPa

—-0.4

(a) AR A RIES; (b) BB TR M5 () #LBLS X AhTs

Fig. 4. Lithium dendrite growth model with different environmental temperatures and same time mechanical thermal coupling

model: (a) Growth morphology of lithium dendrite; (b) lithium ion concentration distribution; (c) mechanical stress distribution in

the X-axis direction of lithium dendrite.
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Fig. 7. Stress at the lithium dendrite growth interface
changes with time at the different ambient temperatures:

(a) Maximum tensile stress; (b) maximum compressive stress.
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Fig. 8. Lithium dendrite model in solid polymer electrolytes with different Young’s modulus: (a) Morphology of lithium dendrite
growth; (b) mechanical stress distribution in X direction of lithium dendrite; (c) electric field and voltage distribution of lithium

dendrite.
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Fig. 12. Lithium dendrite models with different external stresses at the same time: (a) Morphology of lithium dendrite growth;

(b) mechanical stress distribution of lithium dendrite models.
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Abstract

Growth of lithium dendrites in solid state batteries is an important factor that disturbs their commercial
applications. The growth of lithium dendrites at the interface of lithium metal anode will not only lead to the
decrease of battery energy efficiency, but also cause combustion, explosion and other safety problems. In order
to explore the factors and methods that inhibit the growth of lithium dendrites, the phase-field theory is used to
simulate the growth of lithium dendrites in polymer solid electrolyte batteries, and a phase-field model of
lithium dendrite growth coupled with mechanical stress and thermal field is established. The effects of key
physical factors such as ambient temperature, solid electrolyte Young’s modulus and external stress on dendrite
growth and their acting principles are discussed and analyzed. The results show that under the conditions of
high temperature, high solid electrolyte Young’s modulus and external stress, the growth of lithium dendrites is
slow, the number of long dendrites is small, and the electrodeposition is more uniform. In addition, the effects of
Young’s modulus of solid electrolyte and ambient temperature on the growth of lithium dendrites in a common
range are compared with each other. It is found that the inhibition effect of changing Young’s modulus of solid
electrolyte on the maximum length of lithium dendrites is 19% higher than that caused by the change of
ambient temperature.

Keywords: solid state battery, lithium dendrite, phase-field model, mechanical stress
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