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Adaptive Design of Experiments Approach to Development of New Electrode Structures with
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Abstract With the current demand for high-performance battery-operated devices, recyclable higher-energy-density batteries must be
developed, and the electrode structural design is the key to achieving them. Therefore, in this study, moderate-capacity
LiNio.sC002Mno302 (NCM523) crystals were grown, and the effect of the crystalline-particle & secondary-particle loaded (dual-
particle) electrode structure on the separability was verified using machine learning during recycling.
We predicted and proposed an electrode structure that exhibits a high separation rate when the auxiliary agent content is reduced from
10 to 4 wt% in the dual-crystal-loaded electrode. The proposed electrode exhibited a separation rate of 98 wt% and cycling
characteristic of more than 140 mAh-g! for 44 cycles at 1 C, which is more than double those of conventional electrodes.
Additionally, we utilized the dual-particle electrodes to develop an electrode-manufacturing process that can reduce the use of
auxiliary agents, which pave the way for developing recyclable high-power batteries. The study findings will contribute to the
development of next-generation recyclable high-performance batteries fabricated using various active materials to satisfy the
increasing demand for high-performance battery-operated devices.
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Fig.1 Schematic electrode-fabrication process through (1)
preparation of slurry, (2) coating the slurry on Al foil as a current
collector, (3) heating, (4) pressing the electrode. (5) shows the
resultant electrode.

AT v 7 1) : A7 Y —HlE

NCM523, 7F LU 7T v 7 BIORY 7ok =07
v (PVDF) DIREMIC N-2AFLrr ) Ko (NMP) Z AL T
A Z Y — b L7, NCM523 1%, Rk + ( — wkki+
NCM523) & #f ki1~ (NCM523-0,B,H) % 8 : 2 wt%DE| 4 TR
G LT, IREWLHRIL, CRTEMEE - &L — MEERm B
L7-B &2 BB L 7= [7],

AT v 7 (2) : BAR

Ne—a—& —[TC-3, ZIHEXEHE BRI Z2HE, FrEos
MESICHRELT, 9mmsec! DFEETAT IV —%TLIHE
kizBH L,




Journal of Flux Growth Vol.16, No.2, 2022

Table 1 Summary of factors of electrode-fabrication process as
explanatory variables and electrode-separation rate as an
objective variable. Their descriptive statistics are also shown.
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Fig.2 Flowchart of the adaptive design of experiments for electrode
fabrication & separation in this study.
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Fig.3 XRD patterns of (a) NCM523-B, (b) NCM523-H, (c) NCM523-
0O, (d) NCM523 secondary particle, and (e) reference data of
NCM111 (ICDD 01-07-8071).
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Fig.4 SEM image of (a) NCM523-B, (b) NCM523-H, (c) NCM523-
O, (d) NCM523 secondary particle. (e) particle size distributions of
them.
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Fig.5 Correlation map of electrode-fabrication process as
explanatory variables.
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Fig.6 Predicted-actual plot for multiple regression analysis
between electrode-separation rate and the electrode-fabrication
process. Blue squares and red triangles indicate the value for
training and test data, respectively.
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Fig.8 Predicted separation rates for 100-kinds of virtual
experimental conditions estimated from multiple regression model.
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Table 2 Electrode-fabrication conditions & electrode-separation
rates for electrodes A, B, C, and D.

@A | @sn | @sic | @ |

HEEE HEEE1 HEER2 No2t
ZRHTNCMSE23 g 0.36 048 0384
—RHTE pm 125 125 125 125
RENT q o 0.09 0 00%
(MRZ7 Y-8  RELTE pm 0 0.98 0 0.98
TeFL¥TS 9y g 0.025 0.025 001 0.01
PVDF g 0.025 0.025 0.01 0.01
NMP g 375 375 190 190
(2)%H z2hEE Mil 5 5 5 5
NMPFEFE °Cc 100 100 100 100
(3
PVDFER B 120 120 100 100
@7z FLRE KN 50 50 50 50
HEE(TAE wi% 62.42 536 101.27 93.13
HEEE(ERIE) wi%. 70.96 54.43 9433 98.27
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Fig.9 Appearance of electrodes after separation tests for (a)
electrode A (Reference), (b) electrode B (Comparative sample 1),
(c) electrode C (Comparative sample 2), (d) electrode D (No. 21
sample).
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Fig.10 Surface SEM images of (a) electrode A, (b) electrode B, (c)
electrode C, and (d) electrode D.
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Fig.11 Battery characteristics of electrodes A, C, and D. (a) Rate
performances, (b) cycle performances @ 1 C.

3.5 Em
ek & R TEIFILERE FI I b hb 6T, mA%r

@%ﬁﬁ%ﬁ%ﬁi?é*ﬁD%ﬁ%f%to_@%ﬁ

U B SRS BAE T 0 R b dE R~ D %%zé
FI, BRI, @CkD#ﬁ’pmﬁ%Tbt_kﬂ
5, {X\ PVDF LENEWE & EBIRM OBAE JRIBIC SCHL
MICHEGLEEEXD, 3.20M0, f SRR o
KK TR EZRT, LrL, EROBIFIE T, Fdkki1
WAL 5 RN OBt N & W © 7217 @ PVDF 2372 <,



Journal of Flux Growth Vol.16, No.2, 2022

TEWE & EERE B HEPFRANART L, e 0
LB x5,

WIT, BHERIETIL, AR TIC X 2 BRI BN
RO BN, TORRIT, AR X 2 BN OREME
TN A B L, ZIRRL1 & Ahdbhi 1% LT i 253
BEBETE, DRvBFICLEMAEEZ R CE DL
EZD, £, R TAMEDEEREKIL, BL— NIEER
WIS DRI 7 T 7 DEBEZIIZ Wz, B D T
@A 7V EZ R LIZOTHA 9, RTRAIC KL D EM
PR B izl Lz B TH D7,

4. FEH

AW T, R HRAERRLGE 7 22 2O NCM523 &
R, BHLMERER K OV BV~ R A BB X 0
L7, ZORER, FEik 7225 PVDF &3 B IZE DOFd
Bz b oM EERFTHDHZ EEHLMNI L, KIZ,
AR EBRE LAV, BRI DR iR T RS T
T, BWrHERE R T EmMEE LS TH - IR TE L, o
FRICESEIER U EMIT, BEE 98 wt% T, HERKEM
(>165mAh-g'@0.05C, >140mAh-g'@44 V1 7 @1 C) &Lk
NRCFESEED L— MRS L O 2 (35U EOE YA 7 VR E R
L7z, TERL 7@, EEBA - AR 2 wtn TH Y,
IR BN (FNFR 5 wi%) L 0 7R 0ic b0 b b
P, NI EMEE AR B L, BN O R & REL)
RIIFL—FA70OBERH AL Z LITHLNTHY, DHEER
RO A EEOEEE M SLITEE LV, EE, RS Vvl
B EBET 57200 T, DHERSCEmBEREZ MRS
BCTEXholz, AN, BEFE CEMRETYVA L THI L
T, DI 40ENEEDFERT, ZOREEFERTEI,
AL TIE, FEdRL T OBBIEAIZ LY, BIAMKIE Al RE
REMRIGE T 0 AERRRTE I, BHAITY A 7 AR
BB O E R\ LB 2D, SRR LB
LEnEEL P at Ak LI, ftho NCM, LiCoOs,
LiFePOs 72 &, HHL W HIEWMEICHEMN TE 5, 4% ETET
KD BN DB ATREZR B MERE B OB BN DI & 72 D
LT B,

HiEF
AIFIED—EBIL, JST-OPERA (JPMJOP1843) DEBh D %
LIZEH TSN, RELTHEEZRT S,

References

1) J.J. Roy, S. Rarotra, V. Krikstolaityte, K. W. Zhuoran, Y. D.
Cindy, X. Y. Tan, M. Carboni, D. Meyer, Q. Yan, M. Srinivasan,
Adv. Mater. 34,2103346 (2022).

2) S. Koyanaka, K. Horai, H. Kawai, S. Kato, J. Shibuta, N.
Murayama, T. Oki, Y. Masuda, Journal of MMIJ. Vol.128,
No.6, 232 - 240 (2012) [in Japanese].

3) X.Zhang, Y. Bian, S. Xu, E. Fan, Q. Xue, Y. Guan, F. Wu, L.
Li, R. Chen. ACS Sustainable Chem. Eng. 6, 5959 - 5968
(2018).

4) D. Becker, M. Borner, R. Nolle, M. Diehl, S. Klein, U.
Rodehorst, R. Schmuch, M. Winter, T. Placke, ACS Appl. Mater.
Interfaces.11, 18404 - 18414 (2019).

5) J. Yang, Y. Xia, ACS Appl. Mater. Interfaces. 8, 1297 - 1308
(2016).

6) K. Shishino, T. Yamada, Y. Arai, K. Teshima, ACS Sustainable
Chem. Eng. 10, 12721-12729 (2022).

7) K. Shishino, T. Yamada, K. Fujisawa, M. Motoi, T.
Hatakeyama, K. Teshima, ACS Appl. Energy Mater. 5, 2747 -
2757 (2022).

8) T. Kashiwamura, M. Shiratori, Q. Yu, I. Kohda, Transactions
of the Japan society of mechanical engineers. 4, 62,601 (1996)
[in Japanese].

9) T. Kimijima, N. Zettsu, K. Teshima, Cryst. Growth Des. 16,
2618 - 2623 (2016).

10) X. Jia, M. Yan, Z. Zhou, X. Chen, C. Yao, D. Li, D. Chen, Y.
Chen, Electrochimica Acta. 254, 50 — 58 (2017).

11) Y. Yamaya, N. Kobayashi, A. Kimura, H. Tani, IDRE Journal,
No. 312 (89-1),1 209 -1 224 (2021) [in Japanese].

12) A. A. Alnuaim, M. Zakariah, P. K. Shukla, A. Alhadlaq, W. A.
Hatamleh, H. Tarazi, R. Sureshbabu, R. Ratna, Journal of
Healthcare Engineering. Article ID 6005446, 12 pages (2022) .

13) H. Huo, C.J. Bartel, T. He, A. Trewartha, A. Dunn, B. Ouyang,
A. Jain, G. Ceder, Chem. Mater. 34, 7323 - 7336 (2022).



	01_Flux16-2_広告１
	02_Flux16-2_目次
	03_Flux16-2_p039_巻頭言
	04_Flux16-2_p040
	05_Flux16-2_中扉
	06_Flux16-2_p047_p047
	07_Flux16-2_p051
	08_Flux16-2_p091
	09_Flux16-2_広告２



