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Analysis on irreversible capacity of
nickel—rich layered oxide as the positive
electrode for lithium—ion battery
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Table 1. Coulombic efficiency and capacity retention at
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Figure 2. Diagram illustrating the lithium ion capacity and
electrochemical reduction potentials with respect to lithium metal for
conventional anode (bottom axis) and cathode materials (top axis).[1]
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gds A Ve d=sox A4 9 AFsiaith. & A5 Alolol&=
Separator= flAt=E  dfo] A= APA)d AHEF H
w2t (short) HAS wWA] 3}t Separatore Celgard ol 4]
I 3t= PP (polypropylene)/ PE(polyethylene)/ PP film<
ArgEtnh Aside 1.0 M LiPF6, EC : EMC = 3 : 7 (vol.
ratio) = A&, &2 0.13 ml 2 FA3A AFedo. VC
(vinylene carbonate) %7} A¥o|A+= 1.0 M LiPF6, EC :
EMC = 3:7 (vol. ratio), VC 2 wt. % As| NS AHE skt
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73] = O

o].;g;do] _uJ.ﬁ.__

datedl ddFe A= B s
Formation®] %< CC (constant current) — CV (constant
voltage) W20z A&t A7 F WE 0.2 C-rate =
FAske] Fte]l 4.3 V (vs Li/LiY) o ZEshd, dgh

LG8 FAE el Q7teks AR WEE HAaske] 0.02
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C-rate ° Z&3std A
A5 (cut—off current)

4% 0.2 C-rate & QI7bska, dfe] 3

Ldstd Bde TRk ol Ay FA Ad (cut—off
voltage) 8taL ¢t} Formation ©]%, 42 F2xdA FHA
Agstdet. FHS JAgst 212 o g FHL 0.5 C-
rate CC—CV ®Wlolu] Here 4.3 V (vs Li/Li"), T4 AF&
0.05 C-rate ©o|t}. WHLE 0.5 C-rate CV ®2oz FX
Ade 3.0 V (vs Li/Li") o]t} & 100 cycle 233ta, algd
Aol disf A skt

ftlo
of\
rt
QlL
Au)
o

A3 A 717 #4

A=+2] A4 FZu state of charge (SOC)E &<¢lslr] <&l
X—=24 344 (X-ray diffraction, XRD) & A48tk Cu K a
radiation source (A= 1.541 A) 7} &% Q= Bruker, D8
2aE AREste] 40 kV, 40 mAS] S AF{F 7oA EA4S
sttt XRDEA]S 2 7F4] W o= ettt A ex—
situ o2 FAE, ol A=S 54 2HoE vE1,
Ar—filled glove box WA HAXE &Aste] AFS HEZ
sttt AT 2 Al Y DMCE o] &3t A& 3ta, Be

AE9-o FHRsel WHE  F Ar—filled glove box $2F =

olsstel EAetE Wwoltt. dFel FEI Tl AFEHA
s T
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Figure 4. Cycle performance and Coulombic efficiency at room

temperature.
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Cycle Nunmber Coulombic Efficiency (%0)

1 78.1
10 97.8
30 98.3
50 98.3
70 98.4
100 98.4

Table 1. Coulombic efficiency at room temperature.
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Figure 5. Diagram of irreversible capacity and voltage curve.
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(n-1)t cycle | Charge capacity

pacity.
() Que
(n)th cycle | Charge capacity |
| Discharge capacity
J
(M Qi

+ (n)" Q.= (n)" charge capacity - (n-1) ™" discharge capacity

« (nN)™ Q4 = (n-1)" discharge capacity - (n)" discharge capacity

Figure 6. Schematic illustration of the calculation model.
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QMira = Q" gis— Q" gis (2)
Qn irc = Qn ch— Qn_l dis (3)

Qi n WA AfolZe] W WAl A wHAE ulfel £
Q"gis n—1 WA Ato]Fe] WAL

Q" dis cn WA Apo]|Ze] wpA Lk

Q"irei n WAl Atol 2] FA WA BAE vTbe 5
Q" n WA Alo)F A&

A9 o Afol2 wepd A wzke] g3 WA Y
Fa AA #@E ekl Wl sgivk (Fig 7.) @<l A, A
H4 T LS w7k 8% rA ghe 2537 mA h g7 o],
A B4 Bt g3 FA e 350 mA h g oL
FA H9F LAY wzkel gl M B wrkel &%
thul 7259 A= =2 #elth §, NCA 4= &=de =+
b g e

ArE Bdo] fads dTshy] fal, Al s Aot
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Figure 7. Results of accumulated irreversible capacity by using
calculation model.
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Figure 9. AC impedance spectra of cycle test at room temperature.
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At room temperature,
After 50" cycle

Charge irreversible

Discharge irreversible

Capacity (mA hg™) Capacity (mA h g™
VC-free 148.20 14.87
VC-added 5.85 8.00

Decrease 142.35

Decrease 6.87

Table 2. Results of accumulated irreversible capacity of VC-free

and VC-added.
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Abstract

Analysis on irreversible capacity of
nickel-rich layered oxide as the
positive electrode for lithium-ion
battery

Seunghee SIM
The School of Chemical and Biological
Engineering Graduate School

Seoul National University

Recently, the market of Ilithium ion battery is being
expanded to electric vehicles (EV) and energy storage
system (ESS), not only portable electronic devices such as
mobile phone, notebook computer and power tools. The
requirements for those uses are high volumetric energy
density and specific capacity, high rate capability. To meet

the needs of market, many researches have been carried out.

48



Among the candidate materials, LiNi;—,-,Co,AlLO, (NCA)
i1s considered the most promising material. Structural
disadvantages and thermal instability of LiNiOs, are improved
by substituting a part of N1 with Co, Al, And NCA shows are
high energy density, so the commercially available NCA have

partly replaced LCO. However, NCA has still some problems.

In this study, cycle performance of NCA and the factors
which caused irreversible capacity are studied. Although
cycle test was performed at room temperature, Coulombic
efficiency is low, 98 %. Irreversible capacity has happened
every cycle, so accumulated irreversible capacity, 288 mA h
g~! is larger than practical capacity, 174 mA h g !. The
factors which caused the irreversible capacity in the charge
and discharge are confirmed by using calculation model.

It is clear that charge irreversible capacity is larger than
discharge irreversible capacity, based on calculation model.
And the result of calculation model corresponds with the

result of cycle performance. Revalidation test which

alleviates surface side reaction also show same phenomena.
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This study has found that the factor which caused
irreversible capacity is related to charge step on the basis of
numerical analysis. Prevention of surface side reaction helps

enhancing cycleability.

Keywords : Lithium ion battery, , LiNi;-,—,Co,Al,0, (NCA),
Cycle performance, Coulombic efficiency,

Irreversible capacity
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