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Abstract: Calendering was a crucial process in the manufacturing of lithium-ion battery electrodes,
and the calendering pressure was an important parameter for electrode calendering. Due to the special struc-
tures of battery electrodes, the calendering pressure was difficult to predict. To address this issue, a predic-
tive model was established for the unit pressure distribution during the calendering processes of lithium-ion
battery electrodes based on Kuhn yield criterion in the field of powder forming. The model was validated
through calendering experiments. The results demonstrate good agreement with experimental data, and the
prediction errors of the unit width pressure remain within 10%. Further analyses exploring the distribution
characteristics of unit pressure and frictional stress within the roll gap were carried out, and the effects of
compression rate and roll diameter on unit width pressure and unit width torque were disussed. The results
indicate that both unit width pressure and unit width torque increase with the increasing compression rate
and roll diameter.

Key words: lithium-ion battery electrode; calendering; Kuhn yield criterion; unit pressure distribu-
tion; unit width pressure; torque
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Fig.1 Schematic diagram of the battery electrode

calendering process
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Fig.2 The yield locus of the Kuhn yield criterion under
plane strain conditions
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Fig.3 Schematic diagram of the forces on electrode
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Fig.4 Schematic diagram of roll elastic flattening
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Fig.6 Calendering pressure measured during the

calendering experiment
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electrode during calendering
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Fig.9 Unit pressure distribution of the electrode under

different compression rates

P10 7R 1 A [R) 4% 10 AR 48 PN B BE 452 10 )
IR . H TR ) 5 A T ) 2 T AR 2 — A
LU A9 2 B CRE 42 DRLE0) DA I A I 3 DXORITRG 96 I, g
BRI T 03 A 35 B S o A ka H— B fE
PEAL BN ) KRR . IRl T S 5L
RS P AR X R A e A B 1 S EOEE 5V ) 7 1) B
L 40 W P A D BB B B L T R 4 T £ 1]
Wi wi

- 713 -



hE LM T AR 28 37 B 2 33 2026 4 3 H

150
100}
<
S sop
E
E
r O
ﬁ
g —SOF
#
-100
-150 \ . . . . \ . \ )
0 02 04 06 08 1.0 12 14 16 1.8
xX/mm
(a)IEAR
20
] 15+
[am
2 1o}
o
2 5t X
2ol
o
#® -5 | — C=20%
N — C=25%
10F | — C=30%
15t | — C=35%
20l v
0 02040608 101214161820
x/mm
(b)F %

E10 FAREETEEGETRAFEERENDH
Fig.10 Frictional stress distribution of the electrode

under different compression rates

T 3 R BN TR 5 R AR IV T e D
DA AR SCHF e T B F- 1T ) 52 36 390 47 1] 422 40
TE. E11LXSH 71 R S 130 mm FLR 3R it
T 7 38 B R 7 p, (I Ry e ) 7 5 0% R 1 R
(R LU AR . J5 2 O R e T 5 2 o 5 s TR AR LR AR
SRR L OE U R R R T S8 B R 3 B 2
K T 1T A8 X8 B R . FR TS TR AT
WA ¥ 5) 3 ok A 4R RS ST B BT R T e AR
W 25 AR B X N A S A AR B R X3, A T
PR T M . XD 22 A 0 i DA T 56 E TR R
U VS I (b R U | o S I Nl
FHAIF
32 BuUEEENENE

TR T B R W AR 4 R T R T D
M & e 7 SIS 5, AT E S
SMTAZ D T2 A ——JE 5 5L B AR X A
i FE R 7 K 0 B 5 o AR

MR A B 5 1% 1 43 A B 98 BE T R

T:szirmdﬂl (32)

S 3 A4 i LA 5 b A I 7 T80 A O,
1) 58, o e {30 5 % 107 () LR 60 00 £
12 MK 13 R T 110 mm 5L4E F IR F %
Xt B B8 R 1 5 AR R Re . R B R R R
SARZ M L E R, HARLRE T K. X RS
1o T 3R X[ 28 A Xk R o AR Ak T R AR, B0
- 714 -

700
600 |
—o— T E
g 500 |
Q
R 400 b
i
E 300 |
g_ 200 |
100 . . s . . . .
10 12 14 16 18 20 22 24
ETHRC/%
(a)IEAR
400 -
—. Hs
350 |
£ —e— P EH
= 300}
R 250 |
H
& 200 f
ﬂ% 150 |
B 00
50 f
0 : . . ) . )
15 20 25 30 35 40 45
ERHEC/ %
(b) itk

E11 BESTEESFHEMENITLE
Fig.11 Comparison of average unit pressure between

calendering and flat pressing

1400

£ 1200
g
< 1000 |
Z
§ 800
g 600
400 |
=
& 200
i o
0 510 15 20 25 30
ETEC%
(a)IEM%
400
= 350}
B 300t
Z 250f
_§ 200 f
§ 150
w1007
= I
a5
L . . . . .
0 10 20 30 40 50
ET3C/%
(b) SR

12 ETEERNEEEFENZENXR
Fig.12 The relationship between compression rate and

unit width pressure

POXE R 5 4R . A NMC 8 i i A2 T 3t )
SBUR A5 00T IE R B B R 2R T .

Kl 14 FIIEN 15 s T ARl F AR $LAR B AR
XF AL B8 B TR N 5 AR R e . P R AL R B



& Kuhn Ja R 7B DU 9 42 5 W ol A R AR R 0 A 5 0 i —— £ [

=~ 35¢

g

g 30¢r

g 25}

Z 20t

=

w15t

R

% 1.0

= 05r

= . . . . ,

0 S5 10 15 20 25

ETERC/%
(@) 1IEAR

Ea 167

g L

g 14

c 12F

:'Z 1.0}

S o8}

® o6t

.R

w041

g 02}

B 0 10 20 30 40 50
ETEC/%
(b) fiA%

13 ETEERMNEENEZEHNXER
Fig.13 The relationship between compression rate and

unit width torque

2 -
1200 ——C=15%
—— (C=18%
1000+ —=— C=21%
—— C=24%

100 120 140 160 180 200
LR EAZED/mm
(a)IEAR

275 F e C=20%
250 | = C=25%
2

BT BE BEFE J1po/(N » mm )
3
e |

—a=C=35%
——C=30%

LT EE 1 py/(N mm')
B2

501 00 120 1I40 1I60 180 200
LB EED/mm
(b)Ftk
14 ARAETEEZGETHEERSRENEEENZE
IESER

Fig.14 The relationship between roll diameter and unit

width pressure under different compression rates
PRI CT 5 . U B 3  E TR 2k Ao
M A DR /0N T A7 JBE ) R R SR A 3 R L (H
RARY R PO LM C R . ERERRE. &k
R B P 2R R BE L 2 I R0 B A A
T e s S B Bous FLAR AR 00728 Al B O RURE

EARM Bfafh %

7; 120 o o159

E o} —C=18%

. - C=21%

g —— C=24%

. 87

Z

S 6r

23

R 4t

2

"2

,E

0 s . . s |
100 120 140 160 180 200

#AEED/mm
(a)IEMR

2 2O = c-20%

g 18r —(C=25%

< 1L6F —=C=30%

E 14| = C=35%

w12}

Z 1.0}

& o8}

Q 0.6

R 0.4F

& 02f

# 0 s . s s ‘
100 120 140 160 180 200

FLRAED/mm
(b)Fk
B15 ARAETEEZGTHRERSHEMNEENEZE

Fig.15 The relationship between roll diameter and unit

width torque under different compression rates

4 Hib

AR SC ST T T Kuhn Ji AR o U i) 2225 -
WA R g 2 AL e S e T
Peo BT OB or A 7B A AR R ol A P LA
Ji I 55 BE 3 B O A R ORI TR R R Y
FLBR BRSS9 JBE T 3 ) ALY R

SR LR REE N AL TR T 0 AR B 2] e
(2 F R AR L EL DR T B TR R 3R
IS TR o3 A B BE . EE 5N ) 43 A T T
T DRI 8 DX A5 B0 TR g 0 A1 — B0 (H T
A5 DA AR B 45 I g A v P A R R

HE— 2oy W R W] B S8 BE TR O S ) AR R TR
AR ARLR MR K CRER W) L B FL AR B AR B
LR PRI, B R R T P& A AL R B AR e
9 SRR B O (3

SEZ Lk

(1] 8, FREYE. A, & & L s 7 vk s B iE
ARk 2R T B O VEBT T LT ] AR o4l 2024, 75
(11): 4020-4036.
HU Chengzhi, WANG Guoxian, TANG Weijian, et al.
Research Progress on Surface Coating Modification of Nickel-
rich Cathode Materials for High Energy Density Lithium-
ion Battery [J]. CIESC Journal, 2024, 75(11) : 4020-
4036.

(2] ZE3CfR. WRALT . MBL. 45 ol % B Al T & SR
(V). fEfeRbaE SHEAR, 2020, 9(2): 448-478.

715 -



hE LM T AR 28 37 B 2 33 2026 4 3 H

[3]

[4]

[6]

[7]

[8]

9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

LI Wenjun, XU Hangyu. YANG Qi. et al. Development
of Strategies for High-energy-density Lithium Batteries
[J]. Energy Storage Science and Technology. 2020, 9
(2):448-478.

UL, gl RO, AF L STl ok RO SR B Kk
FEmE RIS ELT]. TR A, 2024, 46(11): 2121-
2132.

HUANG lJiang, JIN Jianquan, ZHAO Liang, et al. Re-
view of Fire Extinguishing Agents and Fire Suppression
Strategies for Lithium-ion Battery Fire[ J]. Chinese Journal
of Engineering, 2024, 46(11): 2121-2132.

LIU Yangtao, ZHANG Ruihan, WANG Jun, et al. Cur-
rent and Future Lithium-ion Battery Manufacturing [J].
iScience. 2021, 24(4): 102332.

HAWLEY W B, LI Jianlin. Electrode Manufacturing for
Lithium-ion Batteries—Analysis of Current and Next Gen-
eration Processing[J]. Journal of Energy Storage, 2019,
25: 100862.

LIU He, CHENG Xinbing, CHONG Yan, et al. Ad-
vanced Electrode Processing of Lithium Ion Batteries: a Re-
view of Powder Technology in Battery Fabrication[ J]. Par-
ticuology, 2021, 57: 56-71.

ABDOLLAHIFAR M, CAVERS H, SCHEFFLER S,
et al. Insights into Influencing Electrode Calendering on the
Battery Performance [J]. Advanced Energy Materials.,
2023, 13(40): 2300973.

PARIKH D, CHRISTENSEN T, LI Jianlin. Correlating
the Influence of Porosity, Tortuosity, and Mass Loading
on the Energy Density of LiNi; ;Mn, ,Co, ,O, Cathodes un-
der Extreme Fast Charging (XFC) Conditions[ J]. Journal
of Power Sources, 2020, 474. 228601.

ZHAI Peiyan, HUANG Jiaqi, ZHU Lin, et al. Calender-
ing of Free-standing Electrode for Lithium-sulfur Batteries
with High Volumetric Energy Density[J]. Carbon, 2017,
111: 493-501.

ZHANG Junpeng, SUN lJingna, HUANG Huagui, et al.
Deformation and Fracture Mechanisms in the Calendering
Process of Lithium-ion Battery Electrodes[J]. Applied En-
ergy, 2024, 373: 123900.

WANG Yu, SU Boman, YUAN C. An Integrated Simula-
tion and Experimental Study of Calendering Process in
Water-based Manufacturing of Lithium-ion Battery Graph-
ite Electrode [J]. Journal of Manufacturing Processes.
2024, 131: 861-865.

HIDALGO M F V, APACHITEI G, DOGARU D,
et al. Design of Experiments for Optimizing the Calender-
ing Process in Li-ion Battery Manufacturing[ J]. Journal of
Power Sources, 2023, 573: 233091.

GANDERT J C, MULLER M, PAARMANN S, et al.
Effective Thermal Conductivity of Lithium-ion Battery
Electrodes in Dependence on the Degree of Calendering
[J]. Energy Technology, 2023, 11(8): 2300259.

PARK K, MYEONG S, SHIN D, et al. Improved Swell~
ing Behavior of Li Ion Batteries by Microstructural Engi-
neering of Anode[J]. Journal of Industrial and Engineering
Chemistry, 2019, 71: 270-276.

SANGROS GIMENEZ C, FINKE B, SCHILDE C,
et al. Numerical Simulation of the Behavior of Lithium-ion
Battery Electrodes during the Calendaring Process via the
Discrete Element Method[J]. Powder Technology. 2019,
349 1-11.

SANGROS GIMENEZ C, SCHILDE C, FROBOSE L,
et al and Ionic Behavior of

Mechanical, Electrical,

Lithium-ion Battery Electrodes via Discrete Element

716 -

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

[28]

[29]

Method Simulations[ J]. Energy Technology. 2020, 8(2):
1900180.

SANGROS GIMENEZ C, FINKE B, NOWAK C, et al.
Structural and Mechanical Characterization of Lithium-ion
Battery Electrodes via DEM Simulations [J]. Advanced
Powder Technology, 2018, 29(10) : 2312-2321.

GE Ruihuan, CUMMING D J, SMITH R M. Discrete EI-
ement Method (DEM) Analysis of Lithium Ion Battery
Electrode Structures from X-ray Tomography-the Effect of
Calendering Conditions [J]. Powder Technology. 2022.
403: 117366.

XU Jiahui, PAREDES-GOYES B. SU Zeliang, et al.
Computational Model for Predicting Particle Fracture dur-
ing Electrode Calendering [J]. Batteries &. Supercaps.,
2023, 6(12): €202300371.

SONG Yanjie, GAO Kai, HE Chunwang, et al. Explor-
ing Particle-current Collector Contact Damage in Li-ion
Battery Using DEM-FEM Scheme[J]. Applied Energy.,
2023, 351: 121904.

NGANDJONG A C, LOMBARDO T, PRIMO E N,
et al. Investigating Electrode Calendering and Its Impact on
Electrochemical Performance by Means of a New Discrete
Element Method Model: Towards a Digital Twin of Li-ion
Battery Manufacturing [J].
2021, 485: 229320.
ZHANG Junpeng. SUN lJingna, HUANG Huagui, et al.
Influence of Calendering Process on the Structural Mechan-

Journal of Power Sources,

ics and Heat Transfer Characteristics of Lithium-ion Bat-
tery Electrodes via DEM Simulations [J]. Particuology,
2024, 85: 252-267.
DUQUESNOY M,
M. et al.
ing Process by Combining Experimental Results, in Silico

LOMBARDO T, CHOUCHANE

Data-driven Assessment of Electrode Calender-

Mesostructures Generation and Machine Learning[ J]. Jour-
nal of Power Sources, 2020, 480: 229103.

DUQUESNOY M., LIU Chaoyue, KUMAR V, etal. To-
ward High-performance Energy and Power Battery Cells with
Machine Learning-based Optimization of Electrode Manu-
facturing[ JJ. Journal of Power Sources, 2024, 590: 233674.
FARAIJI NIRI M, APACHITEI G, LAIN M, et al. The
Impact of Calendering Process Variables on the Impedance
and Capacity Fade of Lithium-ion Cells: an Explainable
Machine Learning Approach [J]. Energy Technology,
2022, 10(12) : 2200893.

MEYER C, WEYHE M, HASELRIEDER W, et al.
Heated Calendering of Cathodes for Lithium-ion Batteries
with Varied Carbon Black and Binder Contents[J]. Energy
Technology, 2020, 8(2): 1900175.

WANG Dongcheng. WANG Guodong, XU Chengjie,
et al. Mechanics and Deformation Behavior of Lithium-ion
Battery Electrode during Calendering Process[J]. Journal
of Energy Storage. 2024, 87: 111521.

SRR . BAEST, INERIE, SF L SRS T b B A SR RO
ik A S BT P R R AR . 2022, 32
(3): 776-787.

ZHANG Junpeng, HUANG Huagui, SUN lJingna, et al.
Microstructure Evolution and Process Modeling for Calen-
dering of Lithium-ion Battery Electrode[J]. The Chinese
Journal of Nonferrous Metals. 2022, 32(3): 776-787.

HE A MY ) R S AL H M JE s PR
Tolk Rt 1981 214-217

CAO Hongde. Mechanical Basis of Plastic Deformation
and Rolling Principle[ M]. Beijing: China Machine Press.,
1981 214-217.

(TEE725T1)



