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Abstract : Among the electrode manufacturing processes for lithium-ion batteries, the drying
process is crucial for production speed and process cost. Particularly, as the loading level of
the electrode increases to enhance the energy density of the battery, optimizing process con-
ditions for electrode drying becomes more critical. In this study, we compared the drying time
and electrochemical performance of the positive electrode prepared at different drying tempera-
tures. LiNigsCog,Mng,0, (NCM622) was used as the active material and manufactured under
various drying temperature conditions ranging from 120 °C to 210°C at loading levels of 2.5
and 4.5 mAh cm™. The physical and electrochemical properties of the electrodes were com-
pared. As the loading level of the electrode increases, the drying time of the electrode also
increases, but this time can be reduced by increasing the drying temperature. The drying tem-
perature used in manufacturing the NCM622 positive electrode does not significantly affect the
electrochemical performance but drying above 210 °C resulted in an increase in the volume
resistivity of the electrode and a decrease in electrochemical performance. Accordingly, in the
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manufacture of high-loading electrodes, the drying temperature was increased to 190 °C to
shorten the electrode manufacturing time without a loss of performance.

Keywords : Electrode fabrication, High-loading, Drying temperature, Positive electrode, Lithium-ion

batteries
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Fig. 1. Amount of solvent removal according to the drying
temperature and drying time; (a) drying time for 3 min
and (b) 4.5 mAh em loading level.
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Fig. 2. Volume resistivity of NCM622 electrodes with
different drying temperature according to the loading
level of (a) 2.5 mAh em™ and (b) 4.5 mAh cm ™2,
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Fig. 3. SEM images of NCM622 electrodes with different
drying temperature before and after press with different
drying temperature; (a,e) 120 °C, (b,f) 170°C, (c,g)
190 °C, and (d, h) 210 °C.
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Fig. 4. The galvanostatic charge/discharge voltage profiles
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A mAE A #FEA| Aot}

Fig. 49} Fig. 59l 7 1A% &=
& Ax9 A7 TP A AxE YeRfd
Fig. 4(a,b)oll ZFz} Z=AISH LL 2.59F LL 4.5 A<
Ztade A Ato]Fe] Hetddeln AZx2&d
ug} H2SIRT LL 2.5 AFoM e AFexd F
A 174 mAh g'o] WHEHS JepIleH, LL
459 129 HAFe] Aole 172 mAh glo] ¥kA
S5 e 29ddde] Sk LL 4.59] A
Sole dUEez Aol Frelr] wEe] ==
§7Fo] &AF ZHAEil oy, 2dyo] g A5
= A9 Azewe FHsA A9 T3 7S
Helligizlel 2 A7) 24 Wolde Axesd o
2 A= &2 A UYEA] &= o2 duE
Atk Az LrEE AxE W& Axe] 5 EAJ)
tiate] Fig. 5ol 235 =AIEh LL 2.5 A5
50 Alo]lE =<tz £x®¥WE 91.6, 88.3, 89.6,

9
fu
2
B
ro
23

J. Korean Electrochem. Soc., Vol. 27, No. 1, 2024

_—
Q
~

‘O 150
<
<
£
>
&
5 100
®
Q
©
o
L
b=
o s e 120°C
(% —0— 170°C
—o— 190°C
—v— 210°C
o4 . . ; . .
0 10 20 30 40 50
Cycle number
‘o 150 W
=
<
£
2
S 100
©
o
@
o
L
=
g =0 —e— 120°C
‘% —o— 170°C
—o— 190°C
—v— 210°C
0k T : T : .
0 10 20 30 40 50

Cycle number

Fig. 5. Cycle performance of the NCM positive electrodes
with different drying temperature; (a) loading level of
2.5 mAh cm™ and (b) loading level of 4.5 mAh cm™.

92.6%2] &% FAE&S HAFAT) AF2oA 9] Ale]
F £y AzeEd wWE 2ol A fle Hez
HAAEAT LL 4.5 AFE Ax 250 wet 2o
2 845, 90.8, 888, 79.0%2] &% FASS HAF
Rom, 210°CoNAM AxE HAFo] Axoz vre
£ FAES HAFA LL 45 12Y AFS
210°CoN A Ax3ZF Agols vAFe] T =4 Yet
v Aol dXsks 548 vERdLh ol& LL 25
=

r o

=

AFelHE Azemdz wAge] Aol7t drjehs
Age] 250] W] W] 0208 ARE FHA ot
£ 5ol 1 Aol7k A9 LehA fgkort, 25e]
452 oAl HRA o] FANA] wje] 03
o) WA F7bt 2713181 el thsted vl
o] nr} F7kse AOE B & YL Holtk.

=, 43¢ 2gus Azere] He SEsy
o Aol s sl 7

_]

= FHAAFE 17 mA g!
0.10)% IR WA ARS

7} 3 Al 24t

~



A73ekE)|A), A 274, A 135, 2024 45

_
Q
~

150

o
o

—8— 120°C
—=— 170°C
190°C

—— 210°C
0 T T T T
0 2 4 6 8

Discharge current/ C

Specific capacity / mAh g™
o

s0{ —@— 120°C
—=— 170°C

190°C
—— 210°C

. . A T
Specific capacity / mAh g™ T

0 1 2 3
Discharge current/ C

Fig. 6. Rate capability of the NCM positive electrodes
with different drying temperature (1C = 170 mA g™); (a)
loading level of 2.5 mAh cm™ and (b) loading level of 4.5
mAh cm™,

I A9e A3si. dxa
E4 A= Fig. 6] VERIQIEE
Z, LL 2.5 A& AFI79] Sl w2 &30
o Axrt AFe] Axewol| dEggle]l ZE AFZ
AoA AR €3S JepIH ST, LL 4.59]
y2Y A5 AlelE EAY fARH 210°Ce] 3L
2o Axsl] wEAR HAFL 510 mA g (30)
o] IAF AN E Ao Havt A3 WYst
o} A, O AL oA A3 A=
AR £ EAS RYF9gh
wEha], NCM622S 4= 5= AT o, A=
o] Ax &b AF9] AlF 4, £ 54 4

47158k B4 HAE Qo] 24 gouw A

38

flo

b

ol AEAE WS PUEEe] P o
gulgel Azol 7Fse AAsE gREACE =
ol F5Fe HAsk.

ol

-

4.2 £

& ArldE 2o NCM622 F=9] Alx=EH
oM Az &xo] wE A3 EAd tgte ATE
TPtk

AFe] 7AZLE7F Zold 5 HAFolA g7t A
AxE Azt dEHGoH, A5 2] FUHE
TE AZNE 7RI AFe] e Axen
off we} sk xfo|7t #HFAHR] Lyt HA=59] A=
257t B4 Fh ooz SUtsHA HW AFe] HA
FFATE 190 °C ©]/de] 2&oX dA=5E 7
ke A2 A5 AEge S7HE 37 ok A
Z2=d we}t AlolF B4 =548 4% 2
7 2.5mAhem™ 299 AT e Az 2w w2
Aol EASA AN, 2do] F7hgk
45mAh ecm? HAFolME 210°CoA AzxdE A=9]
A718}8H4 Asol AtES ERIskAT

Ao 32dslol wet Ao AR F7ks)
A HEZ AZLEE FojA o2 g3}

oot
9,
olN
N
ol

ot
g
30,
o

|
sheb Aol Ashrt 2AskEz 190 °Col 2719
A Aoz AddEn).

Acknowledgments

o] A= 20239% AFFE AT H S 7]
£7] 8% 7A(KEIT) 70 Ade] g A9l
(20016103, o]2FAA] AAFE A|AH7HIE F2AK)

References

1. T-H. Kim, J.-S. Park, S. K. Chang, S. Choi, J. H. Ryu,
and H.-K. Song, The current move of lithium ion
batteries towards the next phase, Adv. Energy Mater,
2(7), 860 (2012).

2. H. Li, Z. X. Wang, L. Q. Chen, and X. J. Huang,
Research on advanced materials for Li-ion batteries, Adv.
Mater., 21(45), 4593 (2009).

3. S. Megahed and B. Scrosati, Lithium-ion rechargeable
batteries, J. Power Sources, 51(1-2), 79 (1994).

4. Y. Kuang, C. Chen, D. Kirsch, and L. Hu, Thick
electrode batteries:  Principles, opportunities, and
challenges, Adv. Energy Mater., 9(33), 1901457 (2019).

5. M. Singh, J. Kaiser, and H. Hahn, Thick electrodes for
high energy lithium ion batteries, J. Electrochem. Soc.,



46

10.

11.

J. Korean Electrochem. Soc., Vol. 27, No. 1, 2024

162, A1196 (2015).

H. Kim and J. H. Ryu, Effect of electrode design on
electrochemical performance of highly loaded LiCoO,
positive electrode in lithium-ion batteries, J Korean
Electrochem. Soc., 23(2), 47 (2020).

J. M. Kang, H. W. Kim, Y. S. Jang, H. Kim, and J. H.
Ryu, Thick positive electrode using
polytetrafluorethylene (PTFE) binder for high-energy-
density lithium-ion batteries, J. Korean Electrochem.
Soc., 24(2), 28 (2021).

R. Sahore, D. L. Wood III, A. Kukay, K. M. Grady, J. Li,
and I. Belharouak, Towards understanding of cracking
during  drying  of  thick  aqueous-processed
LiNiggMng1Co, 0, cathodes, ACS Sustainable Chem.
Eng., 8(8), 3162 (2020).

J. Kumberg, M. Miiller, R. Diehm, S. Spiegel, C.
Wachsmann, W. Bauer, P. Scharfer, and W. Schabel,
Drying of lithium-ion battery anodes for use in high-
energy cells: Influence of electrode thickness on drying
time, adhesion, and crack formation, J. Energy Technol.,
7(11), 1900722 (2019).

S. Ahmed, P. A. Nelson, K. G Gallagher, and D. W.
Dees, Energy impact of cathode drying and solvent
recovery during lithium-ion battery manufacturing, J.
Power Sources, 322, 169 (2016).

M. Ryu, Y.-K. Hong, S.-Y. Lee, and J. H. Park, Ultrahigh

12.

13.

14.

15.

16.

loading dry-process for solvent-free lithium-ion battery
electrode fabrication, Nat. Commun., 14, 1316 (2023).
Y. S. Zhang, J. J. Bailey, Y. Sun, A. M. Boyce, W.
Dawson, C. D. Reynolds, Z. Zhang, X. Lu, P. Grant, E.
Kendrick, P. R. Shearing, and D. J. L. Brett, Applications
of advanced metrology for understanding the effects of
drying temperature in the lithium-ion battery electrode
manufacturing process, J. Mater. Chem. A, 10(19), 10593
(2022).

M. Miiller, L. Pfaffmann, S. Jaiser, M. Baunach, V.
Trouillet, F. Scheiba, P. Scharfer, W. Schabel, and W.
Bauer, Investigation of binder distribution in graphite
anodes for lithium-ion batteries, J. Power Source, 340, 1
(2017).

B. G Westphal and A. Kwade, Critical electrode
properties and drying conditions causing component
segregation in graphitic anodes for lithium-ion batteries,
J. Energy Storage, 18, 509 (2018).

B. Westphal, H. Bockholt, T. Giinther, W. Haselrieder,
and A. Kwade, Influence of convective drying
parameters on electrode performance and physical
electrode properties, ECS Trans., 64, 57 (2015).

S. S. Hwang, M. Sohn, H.-I. Park, J.-M. Choi, C.G. Cho,
and H. Kim, Effect of the heat treatment on the
dimensional stability of Si electrodes with PVDF binder,
Electrochim. Acta, 211, 356 (2016).



