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Fig. 1 Porous electrode electrochemical model™
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Table 2 Model parameter for electrochemical modell!*-!!-13-15]
Parameter Negative Separator Positive electrode
electrode
Maximum lithium intercalation concentration, c, . /(mol* m™) 31370 - 22806
Initial lithium intercalation concentration, ¢, /(mol-m™) 0.034x31370 - 0.837%22806
Solid phase conductivity, 6./(S* m™) 100 - 0.5
Solid phase lithium diffusion coefficient, D /(m?+s™") 3.9x107' - 1.18x107'8/(1+SOL)"* "
Cathode and anode reaction rate constant, k/(m*>+mol*?+s™") 3x107M - 1.4x1072 exp(-3SOL) "
Cathode and anode transfer coefficient o, a, 0.5 - 0.5
Bruggeman coefficient 1.5 1.5 1.5
Liquid diffusion coefficient, D/(m?*+s™") D,=10"x 10744 e ~022Cas
Liquid phase conductivity, o/(S*m™") 1.10 1.10 1.10
Number of migrations, ¢ 0.363 0.363 0.363
Electrolyte activity correlation coefficient 1.485 1.485 1.485
Particle radius, R/um 7.8 - 0.0365
Porosity, & 0.456 - 0.320
Volume fraction of active substance 0.503 - 0.613
Thickness, L/um 70 20 77

* SOL is lithium insertion state (average concentration of lithium iron phosphate/maximum concentration of lithium iron phosphate);

** T'is ambient temperature, C is lithium ion concentration in electrolyte
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Fig. 2 Equilibrium potential (goeq)[“” (a) and entropy coefficient (dU/dT)!"? (b) of LiFePO, and graphite
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Table 3 Governing equations of thermal model™ '

Model parameter

Equation

Reaction heat, O

rea

. ~dU
Qrea_Sa]LiT dr

2RTo " dlnf R, 1
: __eff eff 1 27 ec *

Ohmic heat’ Qohm Qohm_o-s V(DS'V(DS"F |:Ul V¢]_ F (1 6lncl (1 —L,)V(lncl) 'V(0]+[ ATV
Polarization heat, O, , Qoei=SaJril
Irreversible heat, O, Qi = Qonm T Dt
Reversible heat, O, 0:=0ea
Energy conservation oT o

i *V-(-kVT)=0,.+
ormia picnigy *V (—kVT) =01+ 0,

* Iis charge/discharge current, 4 is active material area, and V' is volume of battery core; ** p; is density of component, c,, is specific

heat capacity of component at constant pressure, and £, is thermal conductivity of component
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Table 4 Model parameters for thermal model!'* '

Steel
Parameter Copper foil Aluminum foil Core
shell
Density, p/(kg*m™) 8700 2700 7500 1674
Spefic heat capacity, c¢,/(J kg - K™) 396 900 460 960
. oo 26.3/0.4
Thermal conductivity, k/(W-m™ -K™") 398.0 238.0 14.0 ) )
(axial/radial)
» . 0,=-0.04889T°+54.65T°-  ¢.=-0.0325T°+37.07T°-
Conductivity, /(S m™") o+ o - -
) 2187+3.52x10 150007+2.408%10
* T'is ambient temperature
3.6 40
B 1C, sim
1C, exp
35¢ 35+ e 0.5C, sim
O — 0.5C, exp
> ?
=
5341 £30r
& P
s
m 0.5C, sim & 25
331 ® 1C,sim
— 0.5C, exp
— 1C, exp
3.2 L L 1 L 1 1 20 1 1 1
0 20 40 60 80 100 0 2000 4000 6000 8000
State of charge/% Time/s

B3 0.5CH 1CTEHE R TR AR
Fig. 3 Model validations under charge rates of 0.5C and
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Fig. 6 Lithium concentration distribution of graphite particles (a) and LiFePO, particles (b)

a
Bl (a)
6 5
£
z 0
=
5} l— ons,re
61 2 neg,re
3 pos, irr
-12F 4 neg, irr
Se—= Qtotal
0 800 1600 2400 3200

Time, t/s

4000

(b)

NNRNRNNNNNN NI
950502 03 03 % 0 0 02 0o ¢
[ofofooloTo o o o RN

28.6
286

El7 1CTE R RE A R AT 38 FE AT 78 #3600 s Jim AL 2 TR TR #4377 A1 14

Fig. 7 Volumetric heat generation rates of cell at 1C charging(a) and thermal field distribution diagram of cell after charging

at 1C for 3600 s(b)



2056

T A e E SR

2022 47 H

HH RR AR DL S AR AL S TTRR T (R B A T 7 AR Y
L 9207.3 Wim®, /b TR TR, B
SN AT 3 A SRR T AR A A, B I AR R A
R DA K A AR AT SR R AR A R R . B 7 AT DL HY
FORAN T D2 KT IERAN AT D)2, Wikkib sk
PO T F AT, X SR T A K T
TEAR A HLA

I FH AL AR R HH A Th 2, X 26700 2 [
PR B 7 R TE 1C 70 FERAS T 11 Rt 3 475 1o 3
TR, 45 R 4T 7(0)Fm. ME4F1E 7(b)
ATLAE H, 782000 s Z AT, BCULAT ST 28
FF A FERUT, T TE 78 HEL 2500~3000 s JATA], Sl i
FILEITFERA, M EREREER. BT
IEFRAN T RS, BRI & TR S = AR
2 PR A AT AR R N A IR G R, SRR
MAEBE R B s AT 2 [

4 ZEig

1) @577 26700 B4 A48 25 1 F it O — 4 FEAL
- PER AR, BT 0.5C L IC T 7
RS . BEAY A H 45 R H i R s SRR AR ) &
HAEO0.5CUA L ICTE AR 24 T, s 4 Pl T
S A AR RO 45 R AR — B

2) (EBRR A A B R IC AR RS, itk
AR RO FE BRI . ARG T A
S5 FIURE ST Ik AL AR TR A, B A A E R
o, St AL RSN, RS AR, IEAR R
A L A R, 7E 78 2500~3000 s TR, FE
T 2 I SRS .

REFERENCES

[1] ZHANG W J. Structure and performance of LiFePO,
cathode materials: A review[J]. Journal of Power Sources,
2011, 196: 2962-2970.

[2] XU M, ZHANG Z, WANG X, et al. A pseudo three-
dimensional electrochemical-thermal model of a prismatic
LiFePO, battery during discharge process[J]. Energy, 2015,
80:303-317.

[3] LEE K J, SMITH K, PESARAN A, et al. Three dimensional

(4]

(3]

(6]

(7]

(8]

(9]

[10]

(11]

[12]

[13]

[14]

[15]

thermal-, electrical-, and electrochemical-coupled model for
cylindrical wound large format lithium-ion batteries[J].
Journal of Power Sources, 2013, 241: 20-32.

DOYLE M, FULLER T F, NEWMAN J. Modeling of
galvanostatic charge and discharge of the lithium/polymer/
insertion cell[J].
1993, 140(6): 1526-1533.

FULLER T F, DOYLE M, NEWMAN 1J. Simulation and

Journal of the Electrochemical Society,

optimization of the dual lithium ion insertion cell[J]. Journal
of the Electrochemical Society, 1994, 141(1): 1-10.

SATO N. Thermal behavior analysis of lithium-ion batteries
for electric and hybrid vehicles[J]. Journal of Power Sources,
2001, 99: 70-77.
PANCHAL S, MATHEW M, FRASER R, et al

Electrochemical thermal modeling and experimental
measurements of 18650 cylindrical lithium-ion battery
during discharge cycle for an EV[J]. Applied Thermal
Engineering, 2018, 135: 123-132.

PANCHAL S, DINCER I, AGELIN-CHAAB M, et al.
Transient electrochemical heat transfer modeling and
experimental validation of a large sized LiFePO,/graphite
battery[J]. International Journal of Heat and Mass Transfer,
2017, 109: 1239-1251.

SAW L H, YE Y, TAY A A O. Electrochemical-thermal
analysis of 18650 lithium iron phosphate cell[J]. Energy
Conversion and Management, 2013, 75: 162-174.

LI J, CHENG Y, JIA M, et al. An electrochemical-thermal
model based on dynamic responses for lithium iron
phosphate battery[J]. Journal of Power Sources, 2014, 255:
130-143.

DU S, LAL'Y, AI L, et al. An investigation of irreversible
heat generation in lithium ion batteries based on a thermo-
electrochemical coupling method[J].
Engineering, 2017, 121: 501-510.

HUANG Y, LAI H. Effects

Applied Thermal
of discharge rate on
electrochemical and thermal characteristics of LiFePO,/
graphite battery[J]. Applied Thermal Engineering, 2019, 157:
113744.

KEMPER P, LI S E, KUM D. Simplification of pseudo two
dimensional battery model using dynamic profile of lithium
concentration[J]. Journal of Power Sources, 2015, 286:
510-525.

SAFARI M, DELACOURT C. Modeling of a commercial
graphite/LiFePO, cell[J]. Journal of the Electrochemical
Society, 2011, 158(5): A562-A571.

B1OWY, ASLAE, AR, S5 B 0 T e AR A R
b A0 s vk R i i) 05 BT L)), b A G R,



BEREHTH RRFA 4B, 55 (A 26700 HHES + Hlb HAL % S AR 2057

2020, 30(3): 620-628. energy balance for insertion battery systems[J]. Journal of
JIA Ming, LI Li-xiang, LI Shu-guo, et al. Simulation the Electrochemical Society, 1997, 144(8): 2697-2704.
research of effect of electrode structure on polarization [171] YE Y, SAW L H, SHI Y, et al. Effect of thermal contact
characteristics of power lithium ion battery[J]. The Chinese resistances on fast charging of large format lithium ion
Journal of Nonferrous Metals, 2020, 30(3): 620-628. batteries[J]. Electrochimica Acta, 2014, 134: 327-337.

[16] RAO L, NEWMAN J. Heat-generation rate and general

Electrochemical and thermal behavior of
26700 cylindrical lithium ion battery

OUYANG Quan-sheng" **, XU Chao?, YANG Yong-xin?, MA Hong-bo?, HONG Shu?**

(1. Advanced Batteries and Materials Engineering Research Center,
Guizhou Light Industry Technical College, Guiyang 550025, China;
2. EVPS Anhui Power Battery Co., Ltd., Chuzhou 239000, China;
3. Graphene Materials Engineering Research Center of Guizhou Colleges and Universities,
Guiyang 550025, China;
4. Provincial Collaborative Innovation Center of Used Power Batteries Recycling, Guiyang 550025, China)

Abstract: In this paper, the electrochemical and thermal behaviors of the LiFePO,/graphite system 26700
cylindrical lithium ion battery were investigated based on pseudo-two-dimensional electrochemical-thermal
coupling model. By using this model, the charging processes of LiFePO,/graphite system under two charging
strategies with different rates of 0.5C and 1C were simulated, respectively. The results show that the model output
results are basically consistent with the battery cell test results. At the same time, under 0.5C and 1C constant
current charging conditions, the measured data of the adiabatic temperature rise of the cell is basically consistent
with the model simulation results. During the 1C charging process, the irreversible heat generated by the
polarization of the negative electrode is the main heat source. As the charging current increases, the negative
electrode overpotential increases simultaneously, while the positive electrode changes due to the entropy of lithium
deintercalation, and the reaction is an endothermic reaction. In the charging period of 2500 — 3000 s, the
endothermic heat power is the same as the exothermic heat power, and the cell temperature curve appears to be a
platform shape.

Key words: lithium ion battery; pseudo-two-dimensional electrochemical-thermal coupling model; charging

temperature rise
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