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Figure 1. Trend of energy density of batteries. - 3
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Figure 7. Current potential curve of Li / SPE / Li / SPE / S.S. cell
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Figure 10. Nyquist plots obtained from the Li(NiosCoo3sMng.1)QO2
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Figure 11. Nyquist plots obtained from the Al2Os coated Li(NipsCoo3
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Figure 12. Typical Randle’'s plot for the interface of the cell.
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Figure 13. The variations of the value of 8 at the SPE / cathode
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Figure 14. The variations of the value of Cq at the SPE / cathode
interface on the cycle number of the charge / discharge
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Figure 15. The variations of the value of R« at the SPE / cathode
interface on the cycle number of the charge / discharge
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Figure 16. The variations of the value of diffusion coefficient on the
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Figure 17. Charge / discharge curves of the cells at the constant
current density (0.15 mA/cm?).
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Figure 18. Discharge capacity and coulombic efficiency of the cells
on the cycle number.
(a) Li / LiNiOz, (b) Li / Li(NiosCo0o03Mno.1)Oz,
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Synthegis and Characterization of the Cathode Materials,
Li(Nig ¢Coo sMno 1)0; for a Rechargeable
Lithium Polymer Battery

Hyo-Joon Park

Department of Chemistry, Graduate School.
Pukyong National University

ABSTRACT

Compared to Li jon battery which consists of liquid electrolyte, Li polymer battery is very safe
and compact, because the solid electrolyte has nc danger of leakage, The solid polymer electrolyte
(SPE) was synthesized using polyacrylonitrile(PAN) as base material in this study. The cathode
materials, Li(Nig &Coo Mo :)0; and Al 0s—coated Li(Nio sCoo sMne 170;, were synthesized using " mixed

"

hydroxide method. The properties were comparatively studied with the standard cathode material,
LiNiO;. The three Kinds of cells, Li s SPE / LiNiO;, LI / SPE / Li{Ni; ¢Cog Mng )0;, and LI / SPE /
Al;Os-coated Li(NiopeCop Mo 1)0: were manufactured, respectively. The ionic conductivity of the
PAN-based solid polymer electrolyte was determined as 1.49 X 107 S/cm, and it is the high enough
conductivity to be used as the rechargeable lithium polymer battery. This oxidation stability of
the solid polymer electrolyte was over 4.7 V(vs, Li / Li"), The electrochemical properties and the
diffusion coefficients of lithium ion in the interface between the solid polymer electrolyte and
each cathode were investigated by alternating current(A.C.) impedance spectroscopy. The discharge /
charge performances of the three Kinds of cells were tested in the potential range of 2.5 ~ 4.2 V.
The initial discharge capacity of the cells, Li / SPE ~ Al:Dy—coated Li(Nio ¢Coo sMno 1)0., Li / SPE /
LiNiO;, and LI # SPE / Li(Nio ¢CGo Mno 1)02, at 0.15 mAscm’ current density were about 233 mAh/g, 231
mAh/g, and 185 mAh/g, respectively. The first cell, LI / SPE / Al.0s—coated Li(Nios Coo sMno 1)0;, had
the highest discharge capacity and it was lasted only until the fifth cycle and it had a poor
cycleability even with high discharge capacity. The second cell, Li / SPE / LiNiQ;, had high
discharge capacity as the first cell, but it also had a poor cycleability. The discharge capacity
of the third cell, Li / SPE / Li(Nio ¢Coq aMny 1)0;, was lower than the others, But, it showed a very

agood cycleability until the twentieth cycles. In this regard, the third system we developed has an
excellent performance of cycleability and efficiency as a novel battery as the rechargeable lithium

polymer batteries.
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Figure 1. Trend of energy density of batteries.
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Table 2]+ Fe, Mn, Ni, Co

Table 1. Characteristics of the electrode active materials

LiCoO2 LiMnz04 LiNiO: LiMM'O;
Structure Lavered Spinel Layered Layered
Preparation Easy Easy Difficult Moderate
Cost High Low Moderate Moderate
Capacity 135 mAh/g | 120 mAh/g | 160 mAh/g | 195 mAh/g
Cycle life Long Moderate Moderate Long

Table 2. Cost and estimated amount of transition metals

Transition metals Fe Co Mn Ni
Cost ($/kg) 0.23 25 05 13
Estimated amount (ppm) | 50,000 25 950 75
- Yoshio Mashaki, " Li ion rechargeable battery ” Chapter 3,
Dasom book company (2002).
1.6 ¥ <59 49 AF
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WEY. $4 L “ mixed hydroxide ” 82 o] €35t Li(NigsCoos
Mno)Oz2 #4 5}9&15} Li(NiosCo03Mno)O23= 2lF ol AA A Hd5E4,

LitNiggCo02)022F Li(Nip7Co003)0z0 Y3 A & & o]
Att® FHAHAEA .
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et o] & #5854 XRD, ICP-AES/MS9 SEM% & o] 835t &4 H Utk

o] & AEE7} 107 S/em oldel AH Ade] £ IE&A HHFS &
7] 93}e], Abraham%iol ¥ mg e #Fgatgdrt B AToAE polya-
crylonitile(PAN)S 7| A2 3 uizp AajdE s, ol& dxex %
3 NS FASAH

JEFEHE 2202, YoM dad A AT 45 GEAE ALE
gte] LilNipsCopsMng1)O: / SPE(solide polymer electrolyte) / Li 2 AlQOs-
coated Li(Nio,eCO{)lgMnU‘l)Oz / SPE / Li_q] 2511‘ %ﬂ‘:ﬂ %jx]% 1'“34'3}9&‘:} *
T84, LiNiO: / SPE / Li¥l 25 g9 #A¢ F -wd 54& zAstn
Aauyal dsleh. w3 alternating current(A.C.) impedance spectroscopy &
Apg-ste] ARG 7F AFH Hd Alolg AW =4 F& zAEA



2.4 38 % Y
2.1. 47 S84 47 2
2. 1. 1. Li(NigsCo03Mnp1)0Qz 34

Li(NigsCoosMno1)028) &4 2 " mixed hydroxide ” #§'*'°2 g gstgr},
22242 NiosCoosMnoi(OH),9} LIOHZ Ahgate] FAstAt. NiSOs Co
SO;, MnSOs(junseirh) & 0.6 : 03 : 019 EHE 23 FHFo HoA) 4§
(A F&a)g WET 25 M) NaOHF € 9B 89)¢ A2 § 60 T
o £xE WS EI|M WA A $4AL B il &) old,
wEA EFE7] AN thEe 9&dA AMEEE AHSEA45 rpm)iY
M2 A oA A(75 rpm) B Faodd] Hrlgo A &ele FeEHdAM F
W pRol F2ay £4HWA A e Zaoe {Ynr Yo Be
a3 9] slurryzt @t
s4do] ZoluhR, slurry] ph7t 40l 277, Na', SOF ol 69 AAE
Asl, 2ak FHFEA AolFT AnE Bk A% ¥ NiesCoosMne (OH):9
AEL e’ o] YAEL 120 TR FA9 LEWAA 1042 Ft

AE F do)d NiggCoosMne(OH):(0] 23 A 92404 g)¢F LiOHS &8
w7k 1 : 1.1 847 5= 39 LilNipsCoosMng )0 e T, 94 LiOH
(junseirl, ¥R 4196 ¢)8 2 flol7] 8lA 100 T AN F
23] AxE F NiggCopsMnoi(OH)2& HA 1A & A Fo "Axed LiOH
o} A Ar 7ha2 LA FRE AR A EFste] 2A10 Fe oA B
83l T8 A RE 554566 kg/em ) gtElo 2 oF 38 7F pellet(¥HA &
225 cm) S 9HETH BE A pelletS 05 I/ming 03312 A7) 2dlA] 550
Te 52 104 5 12 24 & &, AEE A fFddA =24 &
A o 3 At 22 WO F pelletd THETL olAE ©A] 05 V/ming O
s@ate] A2l 750 To) LEE 57 Bt 2
S8 Fuy, A3 A4 ARE 9 fEelM 1A FHE st oAl
B 9L gl dAx HFEHE AREFL



2. 1. 2. Al:O3—coated Li(NiosCoosMno1)Q2 A4

A oge WHow FAY ZEA LiNinsCopasMno )02l A8 1 %<
Aluminium acetate dihydrate(katayama 3}3HAHE 823 %o ZH 5o =
o ALO; ZE-EANE HET 9 FZHE N magnetic barE ©)E3dld 55
rpm WHE £EZ o] FUA AP Fe Ll(Nl()()COOiMHO.l)OQa HolE.
gl o] FHE ALAA 427 FQF # kg ) 9 Ee|A 120 TR A
F@ch Az F, Al FA g o ARE 554~ 566 kg/em®e] goz
oF 3W Tt pellet(HHA]F 225 cm)E =) thAl o] Pellet& 400 Coll A 1417k
F<H 05 Vmin o 025838l 472 @™

2.1.3 4 EAF g9

74" LiNiosCorsMno 029 AlO07F %€ LilNiosCo0aMno1)0:E XRD
(X-ray diffraction, Philips)& A8t Zt7He| lattice parameter$} unit cell
volume®S <l LiNiO:¢} #laglch el ICP-AES/MS(inductively coup-
led plasma-atomic emission spectroscopy/mass spectroscopy, PerkinElmer)
& Algete] g B, A4 24uE FIEY ALy ZEE A4 E
el EHatolE ¥larslr] 918 SEM(scanning electron microscopy, Jeol) &
#Hdsto] AR A

2.2, A a¥A AHA A AV EgstH 5A
2.2.1. 33 ¥ AYA A

M3l A& ployacrylonitrile(PAN)S 7| 2822 Al &3t on 744 2= g

3 vhEAo]l v m BEHe] o (A4Sl & ethylene carbonate(EC)
¢} propylene carbonate(PC)E AF&3tv). 183 259 o 2= LiCIOsE AF
&3k Abraham%‘o] Ab& 3 Wyl o §H48 %tk PAN(Mw : 150,000)2 60
Toll A 24212 28 A2ee] AEat9dn, LiCIOs 130 CTo)A 12417 A7
AEste Agstgt. 28]y ECSE PCE molecular sieve(d A)E A Ag 3
o ALESIA Y. EC9 PC E§H&9dol LiCIOyE $hde]l o] g &3 8o



S ¥E 5, PANS 3 # 24A4AH £ 124 24" EFEL4S 110

Coll 4 ¢k 1N F<k @t shdA stdatd, Aol ¥1 FEE §98 o

At o]RAE HEZE 3t Alele] R Wzsle] F77F 100 ~ 150 m BS
Z. o3|

PAN (Mw : 150,0000 21 : EC 38 : PC 33 : LiClO; 8

2.2.2. 4949 A7) 3519 54

dalde]l 2E A7|setd S AN, Ar 2R A9 F22 AR
(argon—filled glove box ; Unilab 2000, Mbraun)Wiei4, EG & G PAR
potentiostat/galvanostat (model 273A)2} EG & G Lock-in amplifier (model
521008 AH&stA

2.2.2.1. 0|8 A%

Ao el o] HEX= S.S.(stainless steel) / SPE(solid polymer elec-
trolyte) / S.S. blocking cell& =2, AC. 1mpeddnce S F3 A3
Atk 1 Hz ~ 100 kel 35 H9ldA 10 el wiAdge AL8sd

2.2.2.2. 33 +A A

Hajde] 4tst tAAMLL2 Li/ SPE / Li / SPE / S.5.9 35F AA S Azs
o] sweep voltammetry 2 FAL3IAT. 71 SS 7L #dAFela, 2 ES
A= AddSor AR A FASLES 5 W/seln, FAY
30 ~ 50 V& stH)

f
e X

2.3. ¥ AF

oFxo %%@, A=A & A (acethylene black, ab.) Z8]3 SPEHeIt]7} 2zt
zt 60 308 FAMZ FAEH R, SPEHIIE S AL FAHE



PAN 127 : EC 448 : PC 425494, EC, PC 181 PAN¢| o9l &7 &
Ao HE 73] PANo| o} T3t Ao HA7 5= AZ HAT F, 24
Al B¢t B dsle FdetAl 49l &5 A acethylene blacks ¥o|l £F
sl ZEld(slury) el 2 rEQl) ol%tg Al 29 o dA g FA(100~
150 pm) 2 =FF $ Ar 7h22 7 FEE ARl A dxete] Ao

HEFTHE 522 AHEE7] f1EA 3 e current collector® ©]-§
sk Tl a o BESEE Jhgstd A AT AR HSEH,
133 cm”) 2.2 gdste] Aok FA= o 50~100 meoloh.

2.5. F - AR e F5 FEAR Ad9dANY dvdL )
2/

Z Ao w2 SPE9 LiNiOz, Li(NipeCoosMng)0: 2 AlOs7} 24
# Li(NipgCopsMng)O2 AR 2] A3 e~ getejg 2 g A5e 54& A
C. impedancey o8& F3pgut. & - WAAAH ©E A= 033 mA/erd] A
AFPLEZ - 0A3 3 FFA0E 208 FA By dgS 48 F 4
TR FARE 10 W wFAGE AHEse) 100 Meel A 0.1 Hz® Fab5 ®
Sl A zApebg o’

2. 6. A A=

A= A4 &2 Ao R 43 G5 gEITHOE TGS
&7 2& LiNiO;, Li(NigsCooasMng1)Oy 9+ AlQs-coated Li(NiggCoo3Mnp1)Oz
/ SPE / Li metal HAE A&stArt. 179 & (sealing)2 dFvigo=s
2849 polyethyleneZ 522 dglch. W49 24<E Figure 201 Wehuisd
=3
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metallized plastic envelope

cathode material on Al foil collector (+)
solid polymer electrolyte
Li on Cu foil collector (-)

A 100 150 m metallized plastic envelope

Figure 2. Schematic diagram of a rechargeable polymer cell.

2.7. - WA

A

54

LiNiOs, Li(NipsCoosMne1)Oz 9+ AlOs7t Z®HE LiNiogCoosMno)Ox& ¢ &
T AAe -kl EAE 015 /o] AFEEZ, 25 ~ 42 Vo AW
Yo A FA}skR e oo *}%EJ A A F+ battery cycling system (WBCS
3000 Wonatech com.)& Ar&3te F53t40
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3. 4% 9 nF
3.1. 9= 253 #4
3. 1. 1. XRDe 9% 4= 854 54

FAE FT BBAL XRDUEE ol gdte] gzt o] &2l Ak Li
(NiosCoo0:Mng Y029} AlOs7F Z®H LiNigsCopsMno)022] AAF £ LiNi
029} LiCoOz9] Z=4d ¢ #@rh. BF Abdol 2(Figure 394 #4 2
) o] A-B-C #%Q d¥xd FHo2 wdd 7 24& 7o g, 4t
4 o]ez:ul olE QA= Alole) T FI BTl o] F Li'F Nit
Co¥, Mn*'7} Wiztol 719 H§Hof ghi=z o2 #4 3} Figure 3o §44
Al(hexagonal system) & {F(R3m)ol] &8s 4 T2 d3 AEes ‘JrE]r
Woitk? 49 3 g225el XRD pattern® Figure 40 eI
2 (a)¥ LiNiO;, (b)¥ Li(NipeCooaMnp1)Qs, ()5 AlLO37F I8 ¥ Ll(NloaCO{)s
Mno 0022 XRD pattern® 2 593} peak patternes ¥ <elth, 28]l 1€ (a)
= 524 LiNi0:9 XRD pattern & A 274 intensity? o2 2 L3
20 3te] XRD patternS YeERHSAYE. ALOzel #8 &3+ XRD patterncl] A
Fgo] vebbA gkl f1ela, LiNiQeol M= 2 o] HA] &td (018)

Hat (1100H 9] splitting@B =7 98 HolgdH S H7gto s s H&sa
th o]t DelmasS>'%o} B31& whel ojshd, (018)Ax (110)89) splitting ™y
=7 2% AA L v A8 FHol AHHolw, LINIO:AMH Nigol
Lito] &0} A& A, 52 LiZo] Ni¥o]2o] &A% (cation mixing) 4
ob7|H = A, & Li9 o5& walst ALY, urtR A &3] FrEHE RS
£9 & ddz B webs LiNiOol ve dolag4£S H7MAF o84, ol
3 ENSS B F de Aoz o aAEch® Table 3l 489 ¥
B AE9 lattice parameter, unit cell volume¥ [(003)/1(104)3F& XRD ¢
selst k. Zrelal Nio] Cool wig| 2712 7] H7] W&o, 284
A 98 dEde 3ol o3 gAY H7 dx, 3 WFT LI
(090 A)3t o] 2wHbzo] Ao e Ni*'(0.83 A)o] &3 Adxo] vlglstake
Z 4 QLiy xNixl[Nilw[O:lee?t =& Z3fe] dr} ol 4 H7|FeH o

Lgdy ®w by 2 Aujd £913 NP7 2lE 9559 239 2
g sty wF o, HA W% odAeA "ok oM, dEEdS

%r&

=

ol h‘dl~
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A

AAEts] Ha ALAN WrgAde] £& LIOHE AH&stel F4shsid
Ni¥'el A oAsty] A o) AREN7) FoAM FHE At

Figure 3. Layvered structure of standard LiNiQOa.

Table 3. Lattice parameters and volumes of the synthesized cathode

matenals
Compositions a(A) c(A) | V(A) 1003)
/1(104)
LiNiOz 287926 | 1418755 | 10268 | 1.630
Li(Nio.sCo003Mng.1)O2 2.85090 | 14.15720 | 101.38 | 1.655
Al203-Li(NigsCo03Mng 1Oz | 2.85178 | 14.15921 | 101.09 | 1.667
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Figure 4. Powder X-ray diffraction patterns of the synthesized
cathode materials. (a)LiNiO2, (b)Li(Ni¢cC0paMno1)O2, and (c)Al:O3-
coated Li(NiosCoo03Mno.1)Os.
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3. 1. 2. ICP-AES / MS| 9% 45 &4 £44 &<

[CP-ARS / MSel o3l @4 a9 b4 e Table 41 Uehihsl
o WA B EEls A9 fAR 24 e aeg dEd o
& 24U B4 e w23 HolE Mtk

Table 4. Chemical compositions of the synthesized cathode matenals

Compositions Formular determined by ICP-AES / MS

LiNiO: Liog7Ni1 0302 / L1 0sNig9202

Li1.00(Nio.s1Co02sMno.10)O2

/ Li123(Nio£1C00.20Mno.10)O2
Liy.11(Nig60C0030Mng.10)Oz

/ Li125(Nios0C00.25Mno.10)O0z

Li(Nig6Co¢.3Mny. 1O

Al203-Li(Nip6Co003Mno.1)O2

3.1. 3. SEM ¥4

%2 gEFAE9 SEME4 A& Figure 5ol e £&5E 3 LiNIO;
(a)B ¥ Li(NipsCooaMno)Qz(b)el vl 2 23 datEe #4H& Hu
Qla} A7)E= sub micrometer® FAT ¢ At ALOZF ZHEF LiNipsCoua
Mno)O2(c) = AkOs7} IR E S 2 Figure 59 (a), (b)ell ®ldt] AAE Aol
of &7 o AL YAEC] A HA &S B F o, ozlew

e
ALOy7F 124 29 HAES FHE 7 A
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Figure 5. SEM(scanning electron microscopy) of the synthesized
cathode materials. (a) LiNiO,, (b) Li(Nig6CoosMng1)02 and (c) AlOs-
coated Li(NiosCoo3Mng1)Os.
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k
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3.2.1. o] AxX%

Figure 6& A& &A% B2 AX(SS. / SPE / SS)e AIFAY
Nyquist plot& JEtRT ol &94 3 Re)H} FHPE] B2 A4+
57}5] 27} YEhlE impedance® @ X3tk Figure 6ol4] X&9] Aol &)

= g A e fLEtm, ofdl Ao whdEte] WX (conductivity, ¢)F T
ﬂ‘i}.

_ i
7= TRoxA

j2 Nalde Froln, Ax HAFe WAk $9 g2 wWyeR T 1A
aE Hage AEEE 149 x 107 S/emolAow HAZ HAAd A&7
of %&3tArh

30

5 40 -5 0 5 10 15 20
Z,, (kQ)

Figure 6. Typical Nyquist plot of S.S. / SPE / S.5. cell at room
temperature.
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3.2, 2. 43 A3 A

Figure 72 A& &9 AH A< sweep voltammogram=S e} Aolt},
Li / SPE / Li / SPE / S.S. @89 35 HAAAE AF7 227 AFee
At Hafde 27 dojdoez o do] AYS Aa o] A= AY
Fo AR A A3 kgL st

£ Ao AFREA R AL 47 V o] & itsld AdA"AR S JHA

=3
0.0
< 0.1
E
g
£ 02
©
0.3 |

3.0 3.5 4.0 45 5.0

potential vs. Li*/Li (v)

Figure 7. Current-potential curve of Li / SPE / Li / SPE / S.S. at

room lemperature. electrode area ; 1.33 cm® scan rate ; 1 mV/s.
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3.3. F - AR & 57 AHA AW dvd2 sevy
' 3}

A AAA Y WAl dF F5A™, SPE / LiNiOz, Li(NiogCopaMno1)Oz
2 AlOs-coated Li(NiogCooasMne)Oz0l Ve ol 712 54 ES ¥9d
2 gvlg ey WzE ZAEY. ol A deuEe] WEE A}
371 98 S7182 S Figure 8% Zo) 7 stgct”

[z, 1}
g |
Re
JZCPE I|
Rs
M Ra B
B
/\/\/\/ W T

Figure 8. The equivalent circuit of SPE / cathode interface.

047]"1 Reo Aalde Aaojx, Ris % - WAAA F J5HH FAHS
AEF o8 B3 = Zﬁo‘“”ﬂ‘:} Rot HAslels A &eolH, W Warb-
urg AuldA2 A Ay Fator A% na&Hel FHFI-yro] HH ol
dojurF o] AEgS AFsvkE Ve Zeps(impedance of constant ph-
ase element)r= AEHQA dHAdA2ZH Ryt HE2 FAHAD ZepE e
7 zho] Aeol¥ch

Zepe = AGw) 7, 7=V —1
A7l wE 7 AFS(angular frequency, w = 2xf )0, AT oIy,

e= 1-26/x)elvk. a5 &3 A AN FEAA A gez
dulde AAEFH ek v Moy A= vedg?
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8 Nyquist plotel A #¢19 e e 255 99E5 Randle’s plot (Ze
vs. @ "0 2 Figure 126 £A3te] A9 7)2 7125 H warburg coefficient

(0)8 TR 23 obdhel 4g olgsal BAAFE ANNL

Rl

RT ( 1 )

o= n? FiAV2\ piE C*
R : 71A S
T:Ad2x
n: Rkgol FHolgd A
F : Faradayi<
A A 5
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AbelF o wE s R rjeE Table 5 Table 6 2 Table 7o 7}7}
SPE / LiNiOz, SPE / Li(NiU.ﬁCO{)_SMn_U_l)OZ, ‘;j.'l SPE / Aleg*COHted Ll(NlOﬁ
CoosMnp )OS YER 2o
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Zim (ohm)

Figure 9. Nyquist plots obtained from the LiNiO: clecirode in contact
with solid polymer electrolyte on the cycle number of the charge /

250

200 -

-
(4]
o

-
(=4
(=]

(2
@

discharge process.

Table 5. Impedance parameters and diffusion coefficients of LiNiQ;

— - -

-—o— fresh
T

cycle 1

—v—- cycle 5
—v — cycle 10
cycle 20

50 100 150 200 250 300 350
Zre (ohm)

electrode on the charge / discharge process

Cycle Ro Ca a Rae [DY*-A- C"-10°
number () (;#) |(degree)| (Q) (mol/sec"’?)
Fresh 17.22 1279 26.4 49.31 0.92
i 22.35 8.73 22.0 72.30 6.09
5 20.35 6.34 28.1 157.656 3.06
10 27.49 5.70 28.7 175.41 0.57
20 17.48 14.30 16.2 175.52 1.11
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200

400600

800
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Figure 10. Nyquist plots obtained from the Li(NioeCoo3Mng1)O2
clectrode in contact with solid polymer electrolyte on the

cycle number of the charge / discharge process.

Table 6. Impedance parameters and diffusion coefficients of

Li{(NigsC003Mng ;)02 electrode on the charge / discharge process

Cycle Ro Ca 0 Ra DY*-A- C - 107
number (2) () |(degree)} (Q) (mol/sec'’®)
Fresh 1399 17.47 19.3 143.81 0.79
1 19.11 22.65 201 278.49 460
5 24.63 22.55 20.8 443,37 0.70
10 23.02 18.34 19.9 545.38 1.03
20 16.49 17.52 9.0 904.51 1.22
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Figure 11. Nyquist plots obtained from the Al:03—coated
Li(NiosC003Mno1)O2 clectrode in contact with solid polymer

electrolyte on the cycle number of the charge / discharge process.

Table 7. Impedance parameters and diffusion coefficients of
Al:03-Li(NigsCo03Mng 1)z electrode on the charge / discharge process

Cycle Re Ca 6 Ra |[DY*-A- C"-10]
number (2) (i) |(degree)| (L) (mol/sec'’?)
Fresh 9.363 13.25 14.8 300.35 0.49

1 10.97 14.52 16.0 173.03 1.40

5 12.68 11.65 16.2 21562 34

10 13.62 20.19 179 312.48 2.88

20 20.31 10.75 168 370.19 1.73
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Figure 12. Typical Randle’s plot for the interface of the cell,
(a) SPE / LiNiQs, (b) SPE / Li(NiosCo003Mng )02, and

(¢) SPE / Al:Os—coated Li(NiosCo003Mng1)Og,

+ @; fresh, O; 1 cycle, ¥; 5 cycle, V; 10 cycle, I, 20 cycle.
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3.3 L. T - 3AAAd 2 g5 83

Z WA 3l mel dsAA A53re] AW Eddde wstE Figure
139 YERd AT LiNiO:2] 45, 5 -0 59 Frbel wel ggte] W3rt

T 2] A Tsutomu Ohzukus®e] 1 o] ¢35l hexagonal settingS 714
< lithium nickelate(I)7t A2 5o 4kgte] o814 monoclinic latticeZ
742 = nickel dioxideZ 9] 4@ 3o 93 Aolgt o AR EFddel AR
Ao g Jadct wbdAe] LiNiggCoosMno )= AAH oz ggte] Wslr) A
k. 53], ALOs7F ' E LilNipeCoosMne)0:8] A$-w 5 - 83 59 F71
o rr)r"—]r, g 3tel F7kEol #A3: AAFZE FHAY. oA trEH o) #A =
th. %, LiNiO:t A John-Teller o] &9 Ni"'& Hu} ¢Ad & JY4ER B
B o283 A5 24 ©F monoclinic latticed -8 AEA|A F+FE ¢

SR LR IR R

50
@ LINIO,
40 o Ll(Nl0 sCoo 3I'JIllD 1)Cl2
v AI 8] LI(NIO GCOO 3Mn )0
a——
o
o i
£ 30 . .
D L]
T N
< 20 e O, 0.
B v v "8
10 - o
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cycle number

Figure 13. The variations of the value of 8 at SPE / cathode
interface on the cycle number of the charge / discharge process.
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3.3.2. T - AR W& A7) o]FT 59 SHF A3

Figure 1414% % - Waz-go] dadgel weh, 23 A2 Ade] 4
Y5 A7) o1FFe HAFL ved Folth ol AF RAUE Liole
of AYEAL wALE W $A5 FAHAY deln: Aol bk, F¥A
o2 Li'ele] A3 BBAXAY FH59 des & & A olHe AN
o 98 Wby E4do] WA 4 Yk LiNiO2l F9E 33104 12
g oksh gol, Fad FEYel o3 HS BFw AV FAsA @oh 53

(o] il
7t A, F-0A w7 SRS A GE vEhlAY. A0 A
HE Afols 103 ol FHY HHFe] FHAE Ho FAL

40
‘e LiNiO,
35 -0 LifNij Co, ,Mn )O,
30 - v MO LINI (Cop My IO,
= 25
O
£ 20 v
= ) o e o
o 15 4 L 2 V
10 1 .. )
5 T PY
0 I : . T T
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Figure 14. The variations of the value of Ca at the SPE / cathode
interface on the cycle number of the charge / discharge process.
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3.3.3. T - ¥AAARN [ E AspolFT A W

= - WAAAA M Htels AHEe| WEE Figure 159 WERHAG A3t
ol A& Wt AAHoR Frtdte AL vebva o o]l ¥
A s AAHe) Baddn 4¢ke WMol #AUTt o] Bvdd Ave A
tol 58 Wl Aeld. LiNiO2:2] Nyquist plotg 2 ¥ W (Figure 9 #%), 1
3 2 -wHASSEE 2709 semi circleo] ¥#3 =HYAo 5 WHA semi circle®
- WAl Jage wE, AL AAE AFE E 7 Avh webA, LiNiOg9)
Astol s Asbgkd A WEtA FkA A, °J€1LT*} M AHAbolo) Lio]&
o] olgg Hajdte EZo] AAHASTE ¢ F AT UmA F AFY
Nyquist plotoll A+ 2719] semi-circleo] T2EEA 3 Rogtel F719 »
gt whde), ALO:7F Z¥H ¥ A9 R(%J:’] Wl A FrrskA &gkl
e Aesd 24, 13 & - dF Redhel FZA4surt oAl F7Eerd Y ol
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Figure 15. The variations of the value of R. al the SPE / cathode
interface on the cycle number of the charge / discharge process.
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3.3.4. 5 - HAAAA e FAAF W
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Z7bgol] wet, 7t AT AsfRARANM 0, Ry, ¥ Ca #tEcl WseTh
il o] A4E FRHoZ opyjd AoR o FHo A
ol# g el L AAFEU Li'e] 2] 0]%" 6H st 842AM,
A< Aol BidAdel Friet #HrlelEF el SdFe] Fohst st
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Figure 16. The variations of the value of diffusion coefficient on the
cycle number of the charge / discharge process.
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LiNiOg, Li(NipsCooaMno1)O29} AlOs7} A% ¥ Li(NiosCooaMno)O: %= &
”’QQ o] g-& A S & . WA %5 & Figure 179 18] Z+zt Jell i
- AFEEE 015 mA/emol R, 25 ~ 42 Ve AGES WM =
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Figure 17 LiNiOz, Li(NipgCo0sMno1)O:29F AlOs7}F Z®®  Li(NigsCoos
Mne)Oz8l & - %4 24E& HoFog. LINIOS 7] wHE&HFE oF 231
mAh/g .2 F - WA F7F F7HEe wet, vk A &Fstst dddoh
W Aol #x g ol F-WAAA Fod dSZAEAW ofEol
ol Ad/eEEid & - HAHRFA o3 AR zR HHE PAE oz H
k. w9 LilNiosCooaMno)0:9] 7] W 822 ¢ 18 mAh/go® 23|
169 mAh/g (BE& 91 %)e FA8AY 5 - %d 57 54855, 3
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Figure 17. Charge / discharge curves of the cell at the constant
current density (0.15 mA/cm?). (a) Li / LiNiOz , (b) Li /
Li(Nip6C0p3Mno )02 , and (c) Li / ALOs coated Li(NiosC003Mno.1)O2.
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Figure 18. Discharge capacity and coulombic efficiency of cells on
the cycle number. (a) Li / LiNiQs, (b)Li / Li(NiosCo¢3Mng.1)O2
and (c) Li / AlzO3coated Li(NiosCo0o3Mno1)Os.
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