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Abstract

Although the mileage of electric vehicles can be increased based on the excellent energy density of the LiNigoCoypsMngsO,, it is known that
the reason for limiting its use is the low lifespan and poor surface stability due to the structural deformation of the LiNi¢CoposMngesO,. To
improve the structural stability of LiNigoCogsMngsO,, electrochemical performance is improved by La coating on the surface. La-modified
LiNig 9CopsMngsO, shows an initial capacity of 210.6 mAh/g, a capacity retention rate of 89.9 % after 50 cycles, and a retention rate of
52.5% at 6.0 C. These are superior performances than the pristine sample, because the structural stability of the LiNipgCopsMng 5O, cathode

is improved by the La coating.
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1. Introduction

Nowadays, energy storage devices (ESDs) are widely used in
renewable energy, electric vehicles (EVs), hybrid electric vehicles
(HEVs), uninterruptible power supplies (UPS) and data centers.
Lithium-ion batteries (LIBs) are one of the representative ESDs due to
their high energy density. However, LIBs have disadvantages of poor
long-cycle performance and power density!"™.

Among the methods to overcome these drawbacks, there is a lot of
research on cathode, which is the most important component that
determines the performance of LIBs. Specifically, doping, surface
coating, simultaneous doping and coating, core-shell, single
crystallization and so on are being reported to improve the long-term

stability and rate capability'®.
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The Li(Ni,Co,Mn)O, (NCM) material, the ternary mixed phase of
LiNiO,, LiCoO, and LiMnO, materials, is considered the most
promising candidate among the various cathode materials. It was
reported that Li(Ni,Co,Mn)O, (NCM) has the advantages of LiNiO,,
LiCoO, and LiMnO," 3. Among the various compositions, Ni-rich
NCM (Ni > 80 %) has attracted attention because of its high energy
density. However, in the case of Ni-rich NCM (Ni > 80 %) cathode,
it has a low lifespan characteristic due to structural deterioration®.
Thus, various studies (doping, coating, single crystal, morphology
control) are being conducted to enhance the structural and
electrochemical integrity”.

Among them, surface modification by various coating materials with
high conductivity and excellent chemical stability is one of the most

effective method. Therefore, in this paper, we improved the
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electrochemical performance of LiNigyCoposMngsO, using La and
compared it with the pristine sample.

2. Result and Discussion

2.1 XRD patterns

The XRD peaks of La modified and pristine LiNig9CogosMngosO»
powders are shown in Fig. 1. The XRD patterns of both samples deliver
typical LiNig9CopsMnoosQ, samplel®. Also, it can be confirmed that
there is no secondary phase. Moreover, (006)/(102) peaks and
(018)/(110) peaks are well separated, which can be inferred that the
layered structure of La modified and pristine LiNig¢CoposMngsO; is
well formed. Therefore, we can infer that the both samples are well
synthesized. We calculate the (003) and (104) peak intensity ratios
(I(003)/1(104) to confirm the cation mixing representing the mixing of
Li and Ni ions. The La modified sample has a [(003)/1(104) value of
1.76, which is much higher than that of the pristine sample (1.55). It
indicates that cation disordering of the La modified LiNigoCogosMngosO,
is effectively inhibited through surface modification!”.
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Fig. 1 XRD patterns of (a) La modified and pristine
LiNip9C09.0sMngsO, and (b) magnified view of
(108)/(110) peak

2.2 Particle morphologies

Fig. 2 shows the FE-SEM images of both samples (Fig. (a), (c) :
LiNigoCoppsMngesO,  Fig.  (b), (d) La modified
LiNig9CopsMngsO, to confirm the change of the particle
morphology. The secondary particles are made up of numerous primary
particles.
2

pristine

Both samples shows little difference in size or shape of
primary/secondary particles. The secondary particles of both samples
are spherical in shape and about 15.0 um in size (Fig. (a) and (b), and
the size of the primary particle is about 100 - 200 nm (Fig. (c) and
(d)). The excellence of the greatly porous structure and high
electrolyte/electrode interface area can lead to excellent electrochemical
performances, especially cycle and rate stability. Moreover, Fig. 2(e)
confirms that La has successfully exist on the surface of
LiNiogConosMig 505"
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Fig. 2 FE-SEM images of (a, c) pristine and (b, d) La modified

LiNi.0C090sMnysO,, and (e¢) EDX pattern of La
modified LiNi0,9C00,05Mno,0502

2.3 Electrochemical perfoemances

For commercialization of La modified LiNigyCopsMngsO, cathode,
the loading level of the La modified and pristine samples with high
areal loadings (14.2 mg/cnt’) are fabricated. Fig. 3 shows the initial
charge/discharge capacities of both sample at 0.1 C in the voltage range
from 3.0 to 43 V at 25 °C. Both samples display a flat and stable
voltage plateau without polarization. The La modified sample has an
initial capacity of 210.6 mAh/g, and the pristine sample has an initial
capacity of 205.8 mAh/g, which is slightly inferior compared La
modified sample. It can be elucidate that small amount of La
modification produces thin La coating layer, enabling smooth and fast
lithium and electron kinetics, on the surface of LiNiggCo0sMng 05O,
cathode resulting in superior electrochemical activity®'".

The rate capabilities of both samples are measured in order to verify
the possibility of fast charge-discharge application, as shown in
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Fig. 4. At low Crate of 0.5 C and 6.0 C, both samples have very similar
capacity retentions. However, as the C-rate increases, the capacity
retention tends to decrease. As shown in Fig. 4, it can be seen that the
pristine sample deteriorates more severely than the La-modified sample.
In the case of a pristine sample without a coating layer, an unwanted
solid electrolyte interphase (SEI) layer is generated by reaction with the
liquid electrolyte " It is widely known that SEI layer prevents the
movement of lithium ions and electrons due to low conductivity. On
the contrary, La modification, with relatively good conductivity and
chemical stability, effectively inhibits the formation of SEI, enabling
high mobility of lithium ions and electrons during rapid charge -
discharge rates. The La-modified sample has capacity retention of 95.5
%, 91.6 % 829 % and 52.5 % at 1.0 C, 2.0 C, 40 C and 6.0 C
respectively. It can be seen that these values are superior to the capacity
retention of the pristine sample (95.4 % (1.0 C), 90.9 % (2.0 C), 80.1
% (4.0 C) and 42.3 % (6.0 C)).

The cycle stabilities of both samples are displayed in Fig. 5. Both
samples experience capacity fading and become faster as the number of
charge/discharge increases. The reasons for such capacity fading include
i) elution of transition metals, ii) phase transition from layered structure
to rock-salt structure on the surface, and iii) micro-cracking due to side
reaction with electrolyte. In the case of the pristine sample, since there
is no physical/chemical barrier on the surface, the above-mentioned
problems occur seriously due to the low chemical stability of
LiNi9Co00sMnoos02 ">, Therefore, the transfer of lithium ions and
electrons becomes slow, leading to rapid capacity fading. On the
contrary, in the case of the La modified sample, La acts as a physical
barrier in the form of a uniform and ultra-thin film which suppresses
formation of thick SEI, and La can effectively inhibit the unwanted
reaction with the electrolyte due to its strong chemical stability""*. For
these reasons, structural degradation of Ni-rich LiNig¢Cog05sMn 5O, can
be minimized, and thus has relatively superior long-term electrochemical
performance. After 50 cycles, the La modified sample has a capacity
retention of 89.9 % compared to the initial discharge capacity, and the
pristine sample shows a lower capacity retention of 71.1 % under same
condition. This can be explained by the increase in charge-transfer
resistance due to the SEI layer on the surface of the pristine sample

with a large contact area with the electrolyte!™¥.
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3. Experimental

The LiNigyCopsMnggsO, powders with spherical morphology were
prepared via co-precipitation method. The NiggCogosMnges(OH)
precursor was synthesized by nickel sulfate hexahydrate (NiSO4-6H,0),
Cobalt sulfate heptahydrate (CoSO,7HO), Manganese sulfate
monohydrate (MnSO,-H,0), sodium carbonate (Na,CO;) and NH;-H,O.
The precipitating material was fabricated with NH,OH and NaOH
solution. The NipgCopsMnges(OH), precursor with spherical shape
mixed with Li source (LIOH-H,0) in a molar ratio 1.05 : 1. After that,
the mixture was calcined at 500 °C and 750 °C for 5 h, 15 h,
respectively in the furnace under the O, atmosphere. The
La-modification was performed on LiNiggCogosMngosO, via the La,Os
powder in a mole ratio of La : NCM = 0.05 : 1. Subsequently, the
powders were annealed at 500 °C for 6h in atmosphere.

A cathode was prepared via La modified LiNiggCogosMngosOs
powder (95 wt %), Super P (2.5 wt %) and polyvinylidene fluoride
(PVDF) (25 wt %)
N-methyl-pyrrolidinone (NMP) solution was supplemented. The

In order to prepare cathode slurry,

prepared slurry was coated on the Al foil and dried at 100 °C for 24
h in an oven. The CR 2032 cells were fabricated with Li foil as an
anode in glove box filled with Ar gas. IM LiPF; in dimethyl carbonate
(DMC), ethyl methyl carbonate (EMC) and ethylene carbonate (EC)
(with a volumetric ratio 1 : 1: 1) were applied as an electrolyte.
X-ray diffraction (XRD, X'pert MPD DY1219) and field emission
scanning electron microscopy (FE-SEM, Hitachi S-4800) were used to
confirm the structural properties of powders. The TOSCAT-3100 (Toyo
system) equipment was used to evaluate the electrochemical

performances.

4, Conclusion

In this paper, we successfully fabricated La modified samples and
investigated their structural and electrochemical properties. Compared to
the pristine sample, the La modified sample showed high crystallinity
and low cation disordering. Based on such high structural stability, it
exhibited high initial discharge capacity, rate capability and cyclability.
This can be explained by the fact that La effectively prevented structural
collapse due to penetration of the electrolyte and provided a rapid lithium
ion and electron path.

4

Acknowledgement

This work was supported by the National Research Foundation of
Korea (NRF) grant funded by the Korea government (MSIT) (No.
2021R1F1A1055979). Following are results of a study on the "Leaders
in INdustry-university Cooperation +" Project, supported by the
Ministry of Education and National Research Foundation of Korea.

References

[1]Lv, Y., Cheng, X, Qiang, W. Huang B. 2020, Improved
electrochemical performances of Ni-rich LiNi0.83C00.12Mn0.0502
by Mg-doping, J. Power Sources. 450, 227718.

[2] Sim, S. J., Lee, S. H,, Jn, B. S., Kim, H. S., 2019, Improving the
electrochemical performances using a V-doped Ni-rich NCM
cathode, Sci. Rep. 9, 8952.

[3] Tang, L., Liu, Y., Wei, H,, Yan, C, He, Z, Li, Y., Zheng, J., 2021,
Boosting cell performance of LiNi0.8C00.1Mn0.102 cathode
material via structure design, J. Energy Chem. 55, 114-123.

[4] Peng, Z., Yang, G., Li, F., Zhu, Z., Liv, Z., 2018, Improving the
cathode properties of Ni-rich LiNi0.6Co0.2Mn0.202 at high
voltages under 5 C by Li2SiO3 coating and Si4+ doping, J. Alloy.
Comp. 762,827.

[S]Hu, G., Shi, Y., Fan, J., Cao, Y., Peng, Z., Zhang, Y., Zhu, F.,
Sun, Q, Xue, Z, Liu, Y., Du, K, 2020, Improvement in
electrochemical performances of LiNi0.8Co0.1Mn0.102 cathodeby
CaCO3 surface coating,, Electrochim. Acta 364, 137127.

[6] Lee, S. H,, Jin, B. S., Kim, H. S., 2019, Superior Performances
of B-doped LiNi0.84C00.10Mn0.0602 cathode for advanced LIBs,
Sci. Rep. 9, 17541.

[7]Lee, S. H,, Kim, H. S, Jin, B. S., 2019, Recycling of Ni-rich
Li(Ni0.8C00.1Mn0.1)O2 cathode materials by a thermomechanical
method, J. Alloy. Comp. 803, 1032.

[8] Seok, J. W., Lee, J., Rodgers, T., Ko, D. H,, Shim, J. H,, 2019,
Effect of LiPO2F2 Electrolyte Additive on Surface Electrical
Properties of LiNi0.6C00.2Mn0.202 Cathode, Trans. Electr.
Electron. Mater. 20, 548.

[9] Lee, S. H, Jin, B. S., Kim, H. S., 2019, Optimized electrochemical
performance of Ni rich LiNi0.91C00.06Mn0.0302 cathodes for
high-energy lithium ion batteries, Sci. Rep. 9, 8§901.

[10] Lee, S. H., Park, G. J., Sim, S. I, Jin, B. S, Kim, H. S., 2019,
Improved electrochemical performances of LiNi0.8Co0.1Mn0.102
cathode via SiO2 coating, J. Alloy. Comp. 791, 193.

[11] Lee, S. H., Kim, K. Y., Yoon, J. R., 2020, Binder-and conductive
additive-free laser-induced graphene/LiNil/3Mn1/3Co1/302 for



La 7HEE &8 Ni-rich LiNio,gCOo,osMno,()st %EXHQJ IE=E 0|_|-7g|§|~5| DIA'”‘_FLZF— Ex ‘?"?E" ﬁ7|§|'3—||'&|‘ Q%

advanced hybrid supercapacitors, NPG Asia Materials 12, 28.

[12]Lee, S. H, Sim, S. J,, Kim, H. S., 2020, High performance
well-developed single crystal LiNi0.91C00.06Mn0.0302 cathode via
LiCl-NaCl flux method, Mater. Lett. 270, 127615.

[13]Jo, S. J, Hwang, D. Y., Lee, S. H.,, 2021, Use of Zirconium
Dual-Modification on the LiNi0.8Co0.1Mn0.102 Cathode for
Improved Electrochemical Performances of Lithium-lon Batteries,
ACS Appl. Energy Mater. 4, 3693.

[14] Hwang, D. Y., Sim, S. J., Jin, B. S., Kim, H. S, Lee, S. H., 2021,
Suppressed Microcracking and F Penetration of Ni-Rich Layered
Cathode via the Combined Effects of Titanium Dioxide Doping and
Coating, ACS Appl. Energy Mater. 4, 1743.

o & A A £ N

o] % ¥HSeung-wan Lee)

" 20084 29 : LTI ARABFT (B3
= 20104 29 ¢ FeTEh WA E s} (FSAD
= 20154 89 © Ferish WA Ets} (F3hHAD

» 2018 8¢ : University of Maryland (Faculty Assistant)
= 2022 29« tiddista Al geta ()

" 2022 3¢ ~ BA - Addistn AsTSdy ()

<FQ AT Hop
m ofuA] ARG A 4
n AvA ARG 4beE AuA a4

" 7 2 e A2 44

2

2L





