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Fig. 6. Step-by-step illustration of cation mixing[16]
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Residual Lithium

Cathode precursor Ni-rich cathode Ni-rich cathode

Fig. 8. Issues about residual lithium compounds
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Fig. 9. The result of side reactions on the surface of the NCM[25]
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Role of surface coating:

* Physical protection barrier;
+ Electron conductive media;
+ lonic conductive media;

* HF scavenger;

Improved:

v" Cycling stability;
v Rate capability;
v" Thermal stability;

O >»

pristine

>

Surface coated

Fig. 11. Surface coating mechanism of Ni-rich NCM[46]
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Fig. 12. Issue of single crystal Ni-rich NCM[59]
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a) Hydrolysis

NH, NH,  NH NH,
CEcm}}ui S g 5
H,0
RO”, ﬁ‘\ N0/ No”) “*ﬂ",f\f
ro OR HO HO HO
{3-Aminopropyl jiriethoxysilane
{APTES)
b) Functionalisation §§
NH, ﬁ
5 ﬂ""““' ."u'lr: :m', e i 5 S 5 g 5
\"Uff ‘\HD/KF Rﬂf 5 5 l:m”".-r “‘ﬂ"‘a’ o f,.n' "-q}".f ""-n"? »
HO ||ﬂ e 1) St (111} LEll] ol ol 0l Lt
QL g el
HO HO Functionalised Graphene
e

¢) Condensation

Funcﬁomlised’
Graphene

tiH {lﬂl l:ill Cill (L] ’

Cleaned Steel Substrate (rraphene based coating
on steel

Fig. 13. Adhesion Enhancement Mechanisms with APTES Coatings[65]
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3.1.2. APTES coated expanded graphite(EG) A&
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3.1.3. EG coated ©@Z27% NCM(EG@SC-NCM) A|x
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Fig. 15. The graphite separation process
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Fig. 16. Expanded graphite coating process
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3.3. NCM &4
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3.3.3. TGA

2 9g Folo] MY TH NCM Z@ 9o ZHY graphite layerd] ¥ ol
B7] 28] TGA(Thermogravimetric Analysis)S E5to] 2A519 T TGAE A|&O
er m2IWg e U Uehie A wst] ojstel Aol ero] gaz 57

SC-NCM#} EG@SC-NCM< 10°C/min o £E2 800°C7IA| 7t<hste] Lo we

53 Wale RS 2E 24 wge Ar 29171 M=o,

3.3.4. XRD

SHSE NCMO] AASHA JLxE dotd 7] Qs XRD(X-ray Diffractometer, Model
. Empyrean, Panalytical B.V, Netherlands)E &35to] £A5t%t XRD= 104 XA|
o] XM& BEO YArtste] 249 BAF 9 AR E mpotstr] sl ArgsHs Au]o]
o XS 220 dAHA HH 22 YRAA 48 o2 9285 oA Hi, o]
T ol s8AT ZFEr 4X] nEAY 193 o o] AxE Aste] x|

z3d 2R 2749 SRS Jol A= RS 21T 4 ok

oo

_28_



2 AL 249 2 AL [Psto] SC-NCMO| EHo| graphite 5L Tt
9 7] THS =Ystol SC-NCM Axle] A/IFEHS FstuAl sch 29

g & SC-NCMQ| || graphite 38o] Az o]HAEA] =Ust

1
i)
o
@)
g3
=

Graphite®] 49 7|% graphited] 2 W AatA £ Fefrt HagwA Apo]=

7b AasHRRE @R oh) 7t dojubx] 9kot graphite layer 19| G4 @A4fo] @AY
7

718 F+¥9 FEE A= e #EE 4 o 2 & & T2 A& HE A9

o YE7t R3] MAIHA A7g0] 2 pm O|5HS 2= plate FEIE EAISHA H= A

b SC-NCMe| e} B0 graphite’} Acj2 2go] HolEAlE WAt

Fig. 19 (a)ofd 28 W2 HAIAl g2 71& SC-NCMoM = A& 2% NCMyt &
2 M2 SAUA 4L 1xF YA Ato]=7F 2 ~ 3 ume e HEY FEE He e
o]

g £ ot JA mHO| EXfoh= A2 @7ola2 BAY Al W7ol A=
HRIA &= NCM 1A} GAto|AY ARt 28fste 1 A8Z1 Aapzolt.

7]& graphiteg ©o]&sto] S Alsgt SC-NCM ®EHO|A = graphite layer’} £
wAlog EAshe e &9 & o ol A Y2 SEM imageo|A & 4 A%
o] graphiteZ} ¢7s] F2 =X AL FA|= Pz Qs Atz Z™o] o|FAX] o
< ot ol HxAor acid Y32 AlS¥st EGE o&sto] IF®E Al
SC-NCM #UHO|A= YA ®HO|| graphite layer7} & F4o] € 72 =l &
o} o] Y39 R4S &Rlsty] sl EDS 742 F7HA o= A5t

EDS 24 ZAutofA Co] 7% SC-NCM YUAHERF ofet ¥l F7to= o] mapping

_29_



o] & g YUY & Qt}. o= SEM ¥ EDS 242 flsll &S 14stke oA
7t Ho|ZE o]&st37] wiZol Holmo] EXjst= C7} mappinge] © Zojt}t. CY
mappingfte 2+ 789 FrE Az &l 4 gl7] fizo] EG F7HHo=z 78
ST APTESO] ¢ 4Ql Ni} Si® mappings &elstitt. Ni} Si®f mapping®]
3% SC-NCM @At #9{olA mappingo] UELE= Z& Ad 4 AL ol

SC-NCM ¢}t mwo] APTES’} 38l EG7H Alj2 Zejo] E|9icke 218 Upehct,

rr
N

_30_



Fig. 18. SEM images of (a) graphite, (b) ball milled graphite, (c) expanded

graphite, (d) ball milled expanded graphite
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Fig. 19. SEM images of (a) single crystal NCM, (b) graphite coated single
crystal NCM, (c) EG coated single crystal NCM
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Fig. 20. EDS mapping of C, N, Si
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4.1.3. TGA &4
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d=0.47nm

Fig. 21. Morphology and elemental distribution in EG@SC-NCM (a)
low-magnification cross-sectional TEM image, (b) HRTEM image, (c) SAED
pattern of EG@SC-NCM
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Fig. 22. TGA curve of the SC-NCM and EG@SC-NCM
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Fig. 23. X-ray diffraction patterns of samples

_37_

80

90



4.2. A7\3k3EA BA

42.1. AXRA 7tdAd AA HIY (GITT, Galvanostatic

Intermittent Titration Technique)
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Fig. 25. Li" ion diffusivity of SC-NCM and EG@SC-NCM
on (a) discharge and (b) charge
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4.2.2. 271 5/88 ANE
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Fig. 26. Initial voltage profiles at 0.1C 1st cycle
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Table. 1. Capacity retention values obtained at 25 °C
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42.4. AnHA  FBIH  (EIS, Electrochemical Impedance

Spectroscopy)
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Fig. 30. (a) Equivalent circuit model for fitting, EIS spectra of SC-NCM
and EG@SC-NCM measure at 25°C (b) before and (c) after 50th cycling
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Table. 2. The fitted values of EIS data of SC-NCM and EG@SC-NCM

measure

SC-NCM EG@SC-NCM
1st Cycle Re [Q] 13.2 23.4
50th Cycle Rsg [2] 62.6 32.3
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Synthesis of single crystal Ni-rich NCM cathode materials
for lithium-ion batteries and enhancement of

electrochemical properties through graphite coating

Hyeon-Soo Lee

Department of Energy and Chemical Engineering
The Graduate School

Jeju National University

Abstract

In this study, we propose a surface-coating approach using graphite with
high electrical conductivity to address the capacity degradation issue caused
by the low diffusion coefficient of nickel-cobalt-manganese (NCM) transition
metal oxide cathode materials in single-crystal form. Layered cathode
materials were successfully synthesized through co-precipitation and
solid-state methods. For surface coating, graphite was processed into
expanded graphite with a plate shape of less than 2 um, coated with
(3-Aminopropyl)triethoxysilane through a dry coating method, and then

applied to the synthesized single-crystal NCM. The expanded graphite coated
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single crystal NCM exhibited improved electrical conductivity compared to the
conventional counterpart, demonstrating higher diffusivity at an operating
temperature of 25 °C and operating voltage range of 2.7 V to 4.3 V.
Consequently, the coated single-crystal NCM cathode material showed a 10-30
mAh/g increase in discharge capacity compared to the conventional one at
all charge/discharge rates, along with excellent capacity retention at high

rates.
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