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Abstract : Lithium-ion batteries (LIBs) play a crucial role in various fields, including electronic
devices and electric vehicles, due to their high energy density. Ni-based layered materials such
as LiNipsCogoMng,0, (NCM622) have been predominantly used as positive electrodes to
achieve high energy density. However, there is a growing demand to enhance cost efficiency
and safety. As a result, interest in phosphate-based active materials, such as LiMnycFey4PO4
(LMFP64), which use Fe and Mn, has been increasing. In this study, the electrodes with var-
ious blending ratios of NCM622 and LMFP64 were fabricated, and their physical and elec-
trochemical properties were evaluated. For these two complementary positive electrode
materials, the maximum density was achieved when a small amount of LMFP64 was blended
with NCM622. However, the electrochemical properties were found to vary linearly with the
blending ratio, reflecting the inherent characteristics of the two active materials. Electrochemical
analysis showed that electrodes using NCM622 alone exhibited the best capacity and rate capa-
bility. As the blending ratio of LMFP64 increased, these electrochemical performance metrics
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decreased linearly. Therefore, by adopting blended electrodes composed of NCM622 and
LMFP64, it is expected that optimized electrodes with desired properties can be developed.

Keywords : Lithium-ion batteries, Positive electrode, Blended electrode
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Fig. 1. SEM images of (a) LiNipsC092Mn(,0, (NCM622)
and (b) LiMn,¢Fe,,PO, (LMFP64) powders, along with

(c) compression density and powder resistivity of
NCM622, LMFP64, and their mixtures.
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Fig. 2. Volume resistivity of NCM622, LMFP64, and their
blended electrodes.
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Fig. 3. SEM images of NCM622, LMFP64, and their
blended electrodes: (a) NCM622, (b) NCM622:LMFP64 =
75:25, (¢c) NCM622:LMFP64 = 50:50, (d) NCM622:
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Fig. 4. (a) Galvanostatic charge/discharge voltage profiles
and (b) derivative capacity plots (dQ/dV) of NCM622,
LMFP64, and their blended electrodes at the 3™ cycle in
half-cells with Li metal.
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(@) 20{ o01c o02c o5c 1c 2 5  oAC

@
S
'

—e— NCM
s0{ —o— NCM:LMFP=75:25
—o— NCM:LMFP=50:50
—v— NCM:LMFP=25:75
—— LMFP

Specific capacity / mAh g™
2

0 5 10 15 20
Cycle number

(b) 100
2 80
>
=
(%]
g 60
©
o
°
8
= 40
©
£ —e— NCM
S —— NCM:LMFP=75:25
Z 20{ —o— NCM:LMFP=50:50
—v— NCM:LMFP=25:75
—— LMFP
0 T T 1
0.1 1 10

C-rate

Fig. 6. (a) Rate capability and (b) normalized capacity of
NCM622, LMFP64, and their blended electrodes in half-
cells with Li metal under various charge/discharge
current conditions from 0.1C to 5C.

2 7ksaiAl gt
Fig. 6= NCM622¥} LMFP642] E3H|&
A7)5eH £EEAS AL (25 °C)ollA] WHEEAX

o we
1=



71881,

%@"Unﬂ v
e e
60 - et

40

—e— NCM

—o— NCM:LMFP=75:25

201 —e— NCM:LMFP=50:50

—— NCM:LMFP=25:75

—— LMFP

04 ; : : : !
0 100 200 300 400 500

Cycle number

Normalized capacity / %

Fig. 7. Normalized cycle performance of NCM622,
LMFP64, and their blended electrodes in coin-type full
cells with a natural graphite negative electrode at a 0.5C
current after a formation step of 3 cycles at 0.1C.

7Fet Agoltt. AR/ A7IE 0.1CA 5074 5
9 b Al e R Forhe Vet 213
319t} Fig. 6(a)2] A#E R, NCM6229] FAT
Zo] LMFP64RT Z7] o] NCM6229] ko]
TE 52 &5 JEIYh 283 RE ARE
oAl NCM6229] §Hafo] S48 H2 &7 714
Ut o] AZAEHUTE o]F F u] IS H]
3171 9138k 0.1C AFolA 9 %E‘L"— 7IEe R 7}
AFolA e Al HeE TAIste] Fig. 6(b)
| YJeRARATE o015 BH g3ke] Fhzel 3]
T NCM6229] inUJ, ARFA71] STl T
A2l BERAEE NCM6229] o] 255 F7lst
= A 7 U
Flg. 7S EFHEO e AFe] AlelE FHEA
< 34 o kAR Hrket A3E UrE‘r"”
Zloltt. W7t 0.1Ce] AFZE 33 s AlolF
gk Foll, 0.5Co] HARE oM FHAES ‘1‘635
Atolth, F 500 AtolF Bt BE RAA &0
s 7aske A HIATh LMFP647F 25%
FHE 2N Hit va wEA Bs]e &
RO, i) 2AA BT A FHEALS
HeRHoH, 2/gxtel7} 5 °ﬂ 2 TS vAA=
%= Ao ATEI
AEZ 02 NCM622ETH LMFP64¢] 7971 ok
A3} MM 2 S AL Qo] EFHF
870 #Hstth. 2y, AsSHAAR BH
LMFP64¢] é‘%—fj— Aol H7l= oHE Aol F
ARk o]zpHR| 9] /gt olug} A THA S F
840] F7tstaL 2} | W&o, olefst Eg=e] &
_Q_ 7]._./Ho] x—]x]. _7].3;_1— ;i_j cq]/\l-Eh:]_

fly OFO

}al rr r}L

}o)
o] T

l'I__l\l

il
P

‘I‘N

¢

-

A 284, A 135, 2025 29

4.4 B

=2 &%y 5% 471:@}6“* A4S 7
NCM622 bz BEAD =o okAA 71H AR

< Ad LMFP64E &3 ’6}04 g Eol oxAE
=& A3k, ol ﬂl?& 718k 544 vws)
Atk

() "lolaE =719 NCM622 4AHse vie =1719)
LMFP64 JA7} =52 7%, A% LMFPe4 7}t
= NCM622 YA+ Alol<] +7J~—a— A AFe] RS

o2 I FN

72 & ok Z2Ey LMFP6e4e] e UxE= <l
& olo] glefo] FUlshA Wyt WolXE HEgS B
itk

(i) FEE A Axxe @47t A"
LMFP647} NCM622K.t}h -3l o, 7HEEds
Il ESAFS Axd A9, LMFP64S] &)
S7VEFE A LMFPe4 4t 7HEE ] Ad

P Welete] H=e] mA Rl
A= S eI
(iiil) NCM6223 LMFP64S E3tslo] Azt A=
o] A7)s}etA Fee 7t Edol 7k Ifd 7]
set" Exo] Eah|o)] ulat HLarE]gix:} LMFP64<]

Slako] Z7|1krE HFe] &3 U &5 EAJS o]

Hlgste] gasidoy, 7] 882 & PSPS{E} <k
ARAE Alzste] Hrkst /\Mﬁ FHe s3hher o
Aglo] Hukd oz fARgE Aes B

ol¢} o], FurA EX é—% A9 NCM622 2
LMFP64S &38}3}e] @%g Aze A% A7)518H7
Aes F2 F A5 o uet 2HFER, 2
TEHE B 2 oofst AF AV rhed e

Z 7| =t

o8l F71elel &

Acknowledgments

o] Ate 20249 % AAEAIALRE E gAY
%7189 7M(KEIT) 9748] A€(20017477, A5+
71&7NEAI)S ol SeajE A,

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. J. M. Tarascon and M. Armand, Issues and challenges
facing rechargeable lithium batteries, Nature, 414, 359
(2001).

3. N. Nitta, . Wu, J. T. Lee, and G Yushin, Li-ion battery



30

10.

J. Korean Electrochem. Soc., Vol. 28, No. 1, 2025

materials: present and future, Mater. Today, 18(5), 252
(2015).

S. Y. Jeong, S. Lee, H. Lee, K.-M. Roh, C.-W. Lee, L.
Jeong, and M. S. Chae, Thermal characteristics of
LiMn,Fe, PO, (x = 0, 0.6) cathode materials for safe
lithium-ion batteries, J. Power Sources, 626, 235755
(2025).

D.-S. Kim, J.-K. Kim, and J.-H. Ahn, Manganese doped
LiFePO, as a cathode for high energy density lithium
batteries, J. Korean Electrochem. Soc., 16(3), 157 (2013).
D. Guo, S. Chu, B. Zhang, and Z. Li, The development
and prospect of stable polyanion compound cathodes in
LIBs and promising complementers, Small Methods,
8(12), 2400587 (2024).

S. Y. Kim, S.-H. Choi, E. J. Lee, and J.-S. Kim,
Synthesis and electrochemical performance of Ni-rich
NCM cathode materials for lithium-ion batteries, J.
Korean Electrochem. Soc., 20(4), 67 (2017).

J. Yang, X. Liang, H.-H. Ryu, C. S. Yoon, and Y.-K. Sun,
Ni-rich layered cathodes for lithium-ion batteries: From
challenges to the future, Energy Storage Mater., 63,
102969 (2023).

S. B. Chikkannanavar, D. M. Bernardi, and L. Liu, A
review of blended cathode materials for use in Li-ion
batteries, J. Power Sources, 248, 91 (2014).

L. Zhu, T-F. Yan, D. Jia, Y. Wang, Q. Wu, H.-T. Gu, Y.-

11.

12.

13.

14.

M. Wu, and W.-P. Tang, LiFePO;-coated LiNigsCog,
Mn,;0, cathode materials with improved high voltage
electrochemical performance and enhanced safety for
lithium ion pouch cells, J. Electrochem. Soc., 166(3),
A5437 (2019).

X. Zhao, L. An, J. Sun, and G Liang,
LiNi()_5CO()_zMI)()_302-LiMIl()_(,Feo_4PO4 mixture with both
excellent electrochemical performance and low cost as
cathode material for power lithium ion batteries, J.
Electrochem. Soc., 165(2), A142 (2018).

K. He, Y. Xiong, C. Zhang, Z. Dou, T. Yi, S. Lin, C. Li,
and Y. Sun, An investigation on the electrochemical and
thermal characteristics of LiMnggFeq4POy/LiNiosCog2Mng 30,
composite cathode materials for lithium-ion batteries in
different health states, J. Electrochem. Soc., 170, 090501
(2023).

H. Kang, Y. Kim, T. Yoon, and J. Mun, Improved
performance of lithium-ion batteries using a multilayer
cathode of LiFePO; and LiNiggCopMngy 0, J.
Electrochem. Sci. Technol., 14(4), 320 (2023).

G Sun, S. Lai, X. Kong, Z. Chen, K. Li, R. Zhou, J.
Wang, and J. Zhao, Synergistic effect between
LiNi()_5C00_2MD0_302 and LiFe()_15Mn()_g5PO4/C on rate and
thermal performance for lithium ion batteries, ACS Appl.
Mater: Interfaces, 10(19), 16458 (2018).



