Chinese Physical Society

%ﬂ *ﬁActa Physica Sinica

Institute of Physics, CAS

MEIAHR A K HL R e (LS AR REA R R RO L A
RKE E7 ik FLik R RLF
Phase—-field model and its application in electrochemical energy storage materials

Zhang Geng Wang Qiao  Sha Li-Ting LiYa-Jie WangDa  Shi Si-Qi

5] Fi{% B Citation: Acta Physica Sinica, 69, 226401 (2020) DOI: 10.7498/aps.69.20201411
TEZE RT3 View online: https:/doi.org/10.7498/aps.69.20201411
I N2 View table of contents: http://wulixb.iphy.ac.cn

FEAT ARG HoAh S

Articles you may be interested in

BE AR IBME AR TE AT S B 1 HL Tt U2 AR R ORI g F4 5200

Effects of plastic deformation in current collector on lithium diffusion and stress in bilayer lithium—ion battery electrode

PIFEAEA. 2018, 67(14): 140201 https://doi.org/10.7498/aps.67.20180148

TS = J0Fe—Cr-Nif 4 FPPREUSE i A S I Ui KL
Rapid dendrite growth mechanism and solute distribution in liquid ternary Fe—Cr—Ni alloys
PrPReEd. 2018, 67(14): 146101 https:/doi.org/10.7498/aps.67.20180062

LSRR HOT R R B S 1 L Tt A i T

Electrochemical model of lithium ion battery with simplified liquid phase diffusion equation

PrPReEd. 2019, 68(9): 098801  https://doi.org/10.7498/aps.68.20190159

TRV A1F T CoTMo6 45 18] A5 AR ASE it A A< A 4 P BE TS

Dendrite growth and Vickers microhardness of Co7Mo6 intermetallic compound under large undercooling condition

Py 2018, 67(4): 046402 https://doi.org/10.7498/aps.67.20172156

ST AL AR A S B 1 Lt 22 ROBE A R LR AR D 7
Multi-scale modeling and its simplification method of Li—ion battery based on electrochemical model

YrH2E 4. 2017, 66(23): 238801  https://doi.org/10.7498/aps.66.238801

BET Jiles—AthertonBRIE A BRRE TR B AR L B (A AL IE
Modeling plastic deformation effect on the hysteresis loops of ferromagnetic materials based on modified Jiles—Atherton model

YrHE2E4R. 2017, 66(10): 107501  https://doi.org/10.7498/aps.66.107501


http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.69.20201411
http://wulixb.iphy.ac.cn
https://doi.org/10.7498/aps.67.20180148
https://doi.org/10.7498/aps.67.20180062
https://doi.org/10.7498/aps.68.20190159
https://doi.org/10.7498/aps.67.20172156
https://doi.org/10.7498/aps.66.238801
https://doi.org/10.7498/aps.66.107501

) 32 2 3R Acta Phys. Sin. Vol. 69, No. 22 (2020) 226401

Tl EZSE A Y IR 5]

RIZEB K HER Y FEREM BRI MR

KED EY

31 4

5 T 41

I HEF

1) (BT LR E EREOR AR S TR, B, URFRA  23955-6900)
2) (M REEARIE A TRERFSEBE, 13 200444)
3) (R RZEM BRI S TR 2ERE, B 200444)

(2020 4£ 8 F 26 HUZ#; 2020 4 10 A 21 H kR & k)

Wil B TSR ML R AR 1 PR R R TSR 5% AR PR 5T R R R R 8 4 v A 1 TR A 1 B R B AR B A S d L B
F1EEI — PP SR 5T 73, A A A RN A AT LAkt f &2 44 19 L THEE B, ifi ELAE A B4 AN I 2 I A2 3
JUU R FEILAR SO T MR R FRISHE SR L K H AT B A 200 2 AH R A AR Carter 7, Steinbach
FERVFN Chen 578 | 3 IAH 728 5 () A B L #0& BT 228008 PR i 7 300 IR R B il B %% B i 2 O X DD B £k
T AR B IR S A BERHEAT T RGOS RN L. 2, R T ARG B A 45 ) M IS R 4
SRPEFN SRR ARTE | Ay AW 2L | R A AL A 5 AN, RS RAR TR A5 AR A A Ak 2 A e AT
Ak 2 e Ak DA R ek i L 8 O TR LR T . SRR, DRE AR TR Y S ek RN N P A R PR A 5 T, TR T
JEEE T H AL A B A S AL %) A S T JR Ty 1) AR AR AR iR 2R 119 X (] J

KR M, AL ERERERORL, MDA, MY, B AR

PACS: 64.60.A—, 64.60.Bd, 64.60.De, 82.47.Cb

1 5 =

TERESSEHLRIFRET s e H 45 R E 5, &
JRZx 0 ] AR RE R AT 2 R S Ry SR B, K FH

AE . XURE A% T A RE IR & i HLAT AR L N2

AP RERE . KRR BE 2R 48 ] A A T Al AR
RETR A F A ] R 09055 1T i ), S RE DR B ks
()R ] A 70 C A1, %F Al P2 RE U AR A 7 R 2
BAT R . A AR RE R 2 AT 3 E RO A AE

RZ—, TR AL i AR B A G045 HR 2 1 F ot

BT L MR 2 P AR A, R T L RS
Gl AN 32 b I B ) F B B AR e SR L 2
o AL A AR RE AR RO RE & /DR | 30 7 i Al
LATERE, & AT R AIWTIETT A, TS RERE S
e Hp AL 2 A RE A AR SE A B A D LB AR, X T

DOI: 10.7498/aps.69.20201411

R RCE A R AL A= A RE AR A R SO B
EIENEARR CH LR, BB B2 17
SR TAEF B EBR. 7227 v S BRI
RAEEFEETER T, A2 A1) 1 Mk
THIRBEE. BT B T 1 AR oM
DG ME AL, I8 TT DIARYE O 25 R TR SRR
PRI L I XEFE SR RHERE Z [ IR R . 3
AN Ik, B C &R 7)) 2 s R
J | L35 % B R PEIS (density functional theory,
DFT)R3 4331712 (molecular dynamics, MD)
SR (Monte-Carlo, MC)PL A RRIC/T (finite
element analysis, FEA)I FIAHIZ A (phase-field
model, PFM)[7 4.

FAG AL e — B e Ty 2ok F 5 A R4S
AL B B LBE 58 U5 ¥ . 5 DFT, MC, MD Al
FEA %57 A0 e, AT O A 2 WS 2

* ER ARFIERES (S 11874254) A1 R ATHTIAA TR (kS 2019PID016) % B 1.

t BIEMEE. E-mail: liyajiejuly@shu.edu.cn
©2020 HEHEFS Chinese Physical Society

http://wulixb.iphy.ac.cn

226401-1


http://doi.org/10.7498/aps.69.20201411
mailto:liyajiejuly@shu.edu.cn
mailto:liyajiejuly@shu.edu.cn
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. 69, No. 22 (2020) 226401

AR THFRE, SR AU AT RS F T AL AT
TR UL ATy AR B SRR E 1Y
23 [ 25, Yy 2t s A o 4 PR KR, AR B O T 25
AR RO IR RSSO TEAL. AR AR R Y
— /N E B AR YO, ST SO B A R
Stefan £ 19 22 80 4FFU42 H Ak BRAH 1 FE )R Y
RBUAHITEIFT Z TRy B A2 3 12 B,
SRR TR I TG ZAR I AL TSR, X5
BN A AT IR ER . (BAESERR IR R A Y
JEARFE SIERE A+ 2%, X BORMF IR I
AR A 7 REAR HE IR X, AR08 5 5 A B A
PR T3k — [, P 1 SRR A AR SR TRl e A SR
ST O T B9 L. ARG AR

PRBEAHZS, HL AL B S WA AR i A, Tome JB R A
T, 3K R ORRRAIG 1 R R 52 . AL B 55—
AR NG RV M. R RER TAAE LSS
AURE WE SN G52, M5
L RS IR AR RS, PrA R R R 1778
NG EAE, EATT DI IR Y [
REIZ K. 78 BT AL )T R AR A b g f/ MBI
T OF 0 Jey 3l P SR 00T S i e AT g AR
s 75 ke AR Fr A SN e ks e
(1 —0 73 TR, XA 2R et Ay T A ) 52 iy v LA
O [ i BEAYRZ LA oA i i BUEDR i Al
T3 RS 3575 e AR AU DX SR s (]9 5 E A, fiE
AR A RHA R i L. T LU AR
RO FERHMA 2 434 75755 Maxwell BIEXT AL
Yytiid T ik e 2, FrLIAR B AR 2
S AR R R B . SR T H AT A
BRRRAFAEAN R, X T AR, RER R A 2
I, BRI Z A A, H TR ARSI R A R
E0SE P NESt Wik 7/be b7 N E REE 17 P N D

~

\ EIli
\ )
|
\
affl ! BH
\
\
\
I \
R
|\
b \

1 AR SIS B S R B 4 L
Fig. 1. Comparison between sharp and diffusive interfaces
for phase boundary problems.
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Fig. 3. Steps for investigating microstructure evolution of
electrochemical energy storage materials in phase-field model.
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Fig. 4. (a) Schematic diagram of diffusion of active surface (010) (blue arrows) and phase separation when Li-ion intercalates

FePO,*); (b) three potential migration paths in phase transition of LiFePO,: bulk, surface, and electrolyte diffusions!*?l.
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Fig. 6. Crack propagation during lithiation process: (a) Initial state; (b) phase segregation generates crack propagation; (c) the

phase interface catches up with the crack tip; (d) the crack tip starts to branch at the phase interphase; (e) phase interface leaves

crack tip and moves towards center; (f) the reaction stops (.
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SPECIAL TOPIC—Fundamental physics problems in all solid state batteries

Phase-field model and its application in electrochemical
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Abstract

With the rapid progress of computer technology, computational research exhibits significant advantages in
investigating microstructure evolution of material systems. As a computational research method of material
dynamics, increasing attention has been paid to the phase-field model because of its avoidance of complicated
interface tracking and convenience of dealing with applied fields. Theoretical framework of the phase-field model
and three current phase-field models for multicomponent multiphase systems (the Carter, Steinbach, and Chen
models) are introduced and reviewed in terms of interpretation of phase-field variables, way of coupling
thermodynamic database, way of constructing the free energy density, and evolution equations. This review only
focuses on the application of the phase-field model in electrochemical energy storage materials, and introduces
its existing phase-field simulation results, which demonstrates that the phase-field model has tremendous
potential in describing the microstructure evolution (anisotropic transport and phase separation, elastic and
plastic deformation, crack propagation and fracture, dendrite growth, etc) and improving the performance of
electrochemical energy storage materials. Finally, from two aspects of improving phase-field theory and
extending application, future development trend and problems to be solved of phase-field simulations in

electrochemical energy storage materials are discussed and looked ahead.

Keywords: phase-field model, electrochemical energy storage materials, stress evolution, plastic deformation,

dendrite growth
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