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2171 shellAl gk, FAIH e R, F2 HUYX(tube furnace, W7 50mm, Zo] 1,000mm)ell sk
A2 200 nL/minZ FUAZIEA A4S AAdRAE 480TolA 5 Az, o]F 800 TelA 16417+ fA138k
Fom HL E£EE 5C/minAt.
Al7} Mo® &= H] 0.8:0.2& 3fo] 3t AHslrE 3.622 31312, (Nig.gCop Mg 1(OH)2): (AlggMog2) = 0.995 :
0.005% 3o Al/Mo =3A7F 0.5 mol%E FAate= a9, Li ¢ (Nig.sCoo.1Mno.1)o.00s(Alo. Moo 2)o.00s0:7F 1.05
HEE Lig Smol% & Yol AAZzA o] Liyes(Nig.gCop Mg 1)o.005(Alg Moo 2)0.0002 © E == 3F3ATE,

Hlale] 1: &= FEA9] A%
A 164 AxzE FZol-d T tyAE(Core-shell gradient) T2 (Nig sCop Mo 1(OH)2) &} LiOH - HO(AH4 3}

St battery grade)E 1:1.05 EH|E YA E33 & o= %ETH WU (tube furnace, W7 50mm, Zo]
1,000mm) ol “¢9iske] AFAE 200 ml/min® FUAIZIHA AT A4 202 AAld 13 TLsi.
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A9l FWS EDS(Energy dispersive X-ray spectroscopy)® 94 w3 Axjo|t}. = 1o yeld nie} 7
o] Al No7t 4= BEHo FUdA Bx3t1 IS FQlssit).

oS, AAld 1 (Al/Mo7F 5 =" AA7F NOM 28 3 0.5mol% 59 4= E2)3 vlald 19 gk XRD
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T 20 UEht vle} o] AAld 1 @ vlue 1 XEF 18.7° FoA (003) 7 F A= Z AHgygon

37.5° ¢} 38.5° Alelel  (006)/(102) ¥, 63.5° ¢ 65.5° AfelelAe]  (108)/(110) ¥ A9 ~ZEH
(splitting)o] YEldtt. o] @Al #o]o](hexagonal layer)ol Aol %53t AA F+xE 7H4E n|div},
w2tA] 3 A9l hexagonal a-NaFe02(space group R-3m) 725 UEIES & 4= Ut}

ne o

= 9%t AATH uFS I FlolxFo] Felx g EWE AXE9o](high score plus Rietveld
software) & 01%3}04 ZEWE (Rietveld) w41 Fd3tgien, oo g 235 1 19 ey, gEHE
XR

D57 W= 107 A 1307 oA 547 AdE ARgste] A" (fitting)shalen,
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[0083]

[0084]

[0085]

[0086]

[0087]

[0088]

[0089]

[0090]

[0091]

[0092]

[0093]

ZIHSdl 10-2018-0067775

GOF (Goodness of Fit)#ko]l 1.1 o] & AAt= A},

F 1
a(A) c(A) c/a Crystalli |1(003) |R-factor |GOF

ne /

size(nm) |1(104)
H] 1l o) 2.875 14.215 4.944 82.1 1.13 0.545 1.0002
Li1.05(Nio.sCop.Mng.1)0z
A Aol 2.870 14.200 4.948 86.3 1.16 [0.506  [1.1075
Li1.05(Nio.5Coo.1Mno.1)0.005 (Al gMog 2)
0.00502

A Ao 1(Al/Mo co-doping F=A) T vlnle] 1(%EF 1) #HEl2 wabnE(lattice parameter)S vl

I
& Fxsid, =3 Foll a F 9 ¢ Fo] o Fadte Aol HEtHTh ol &3 AAR ALEE UFvE
ZdtE o FAHT. v dFrEY

e Aomw ghasel v Aoz ol Wyl A4 A/lE ok Yt Jow ved,

1o td

H

TSk 1(003)/1(104)e] H=A WA HE F3 Li+94' N1 4 kol &3 AEE =AY om, mI
1(006)+1(102)/1(101)¢] 9= HABE Eo @Atad 92U (hexagonal ordering)S WERE R =
S =

Hlae= 1(003)/1(104) Fke] 1.130= yehd v AAjds oF 1.1622 o7t F7iste S vebildh
R_factor @< o]} WM 2 Hlnlo|7} 0.5455 YEFH o™ HAJo 7} 0.5062 YER R #Ahshe S
Wt

1(003)/1(104) Ftel 1 ol ZA TS oJvjstez, Hlald gl AA

2 A% Li'sh Ni“7rel ool e
ool me Az Fol& Bl A 3

Li S
AR B

2 rfor

shH dAlag ey ®S YERE R_factort Hlald tiH] HAJdo] w2 gho] #asts o2 YER e, o
= dxlad FE27 OJXJXJIQE o|FAH S e,

ol &3 dxtad ed® Aloldl= A #AIZE Atk ARz, e 2roAe] 244 4x A7)7}
2 = AA ouv¥(crystalline ordering) SHoA B 4 glon} Okolg g SHoAME TTE]O}EP
HH 2 & 2R AL YAt A717F Srtste] Axtad el fElshy ol £3fe] Tt
ol E3to] FTrtete A BF o9 olFEE TAAIA HA Aee E3E VML 5 vk, whEA, i*é
29 HAsrt dasi

% 1o mEH A 257 tha oy AAld 19 A4 Hlald 1 tiy] ol £3o] A HAsta ALl
g Fx7t ko g PAES ol ol AAdd e =3 A4t YA zgdd xsEe] A Fx

AN EE F7F 1(ZQ 2016, S FEA 88% AFE)

)

2016 @A Azl Ar1gs BAE AAsAG. F¢ Axg SeE P EAR (super-P) el
(PVDF, KF1300) = 88:8:4 wt%%lom, 30| ¢F 30%7F =5 NMP(N—Methyl—Z—pyrrolidone)% A7t &9
o AEE 2.

Z9 &8s 15 i FAY Al £LEA ) 9 Edol=(Doctor blade)E o] 83}y IEI & HAZXRZ ot}
Ao, A= 2= o~ 10mg/cm ojglon, dddEE 3.1g/cmso]a>ir;}. HaNe IM LiPFs in EC:EMC=1:2(vol%)

2 AFR3F9 AL, PP 2893 2] HS=H(200um, Honzo metal)S AFE3le] Al Al 1047 AL A o o)A st

_11_



[0094]

[0095]

[0096]

[0097]

[0098]

[0099]

[0100]

[0101]

[0102]

T /WA H2EE Aty £ 200mAh/gs V=8 FoR 3%,
0.005C cut-offE& #A-&3}3th. RateEAd-2 O.IC%ZJ/O 1c% ﬂ% 23] HHESE &
A

2 AR C rates S7MAZIHEA &
oA 5035 ZH3ISt).

ZIHSd 10-2018-0067775

A Z

Az CC/CV 3.0~4.3V,
ACEH=E 7d°ﬂ*1 1C, 4C, 7C

b
w
o
=
=
S
N
N
o
[@)]
=]
o
=
i)
0%
1
-]
i
i)
~
>,
2
=
)
k1
o
i)
N
§2
rlo
0%
1
i)
i
i)
=
El
2
=
=
10
N
N
ofj

, AAle] 1] HlaLe]

A 7RIS 4.3V-3

ol S wmE %27 FHEF

)

7] 4 = *Oi—rﬂ Al 19 5 27

1o Mol 27 A8, 2/ BAEY o 2] aol w7
! Fo 2

7] e 2 7] 282 o] AFE % 20 JEhidT.

=z 2
=3 A, % 27 F.9d £ 2 58(0.1C53,0.107)
Li1.05(Nig.5Co0.1Mno.1)0; Li1.0s(Nio.8Cop.1Mno.1)0.905(Alo.6M0o.2)0.00502

1 charge|223-0 224.1
capacity(mAh/g)

1 discharge| 1989 200.4
capacity(mAh/g)

1" efficiency(%) 89.0 89.4

3
=3 /%9 C-rates7hel W& A2 W&

3
X H| AL (1C7) 5 200mA/g)

Li1.05(Nig.Cop.1Mng.1)0; Li1.05(Nig.gCop.1Mno.1)0.995(Alo.sM0o.2)0.00502

WAaes 0.1C 198.5 100% 200.4 100%
(mAh/g) 1C 181.4 91.4% 184.5 92.1%

3C 170.9 86.1% 174.4 87.2%

4C 166.7 84.0% 171.5 85.6%

5C 161.0 81.1% 166.8 83.2%

7C 137.9 69.5% 151.3 75.5%
3E 32 Al/Mo A =3 /%ol thE C-rated 42 WHEZFS Ve o2 Al/Moo] =8¥ AAlde] A
9 4C/0.1Cell A 85.6%5 e WA, 3R] ok vlaLe]e] A9- 4C/0.1C7H - 84%E LHERTE. o] =M A
oo me d= GEAY FY5F0] MdEs & F A

Sgin] 95.8%9] & £ FA&

71848t |7} 2 (ZQ) 2032, S

2032290 AS A x5}
(PVDF, KF1100) = 92.5 : 3.5 : 4 wt%G o,
st &ejg] s =AY, Axd

4
E3Ex 2o A %7 10AdA 181.4mAh/go] ST 503] AlelE &
] acity retention)g YERH HHH | Al/Moo] =FH 4% %7] 1CHHlA 184.5mAh/g9] &3} 503] A}

y
27]
of Afel 2 5 Frlel® ANEN} ee B9l

A718kst HArrs [T, FHAZE
g Ro] ok 30%7}
<8 g s 15mTA¢ Al

&, z7] Y] 95%9] &%

& vebdth. mebA Al/Moo] =go] e ST S A

52 92 5%AH%)

Ze]ge= FF @A (denka black):HFQIH
] E = NMP(N-Methyl-2-pyrrolidone)S #7}
XA 9E E#o]=(Doctor blade)E °]&
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[0103]

[0104]

[0105]

[0106]

[0107]

[0108]

[0109]

[0110]

o] =y 2 Az F dAstdvh, AT 2YFLS U6

IM LiPFs in EC:DMC:EMC=3:4:3(vol®)ell 1.5%% VC&

ZIHSd 10-2018-0067775

2 3
g/em ol om, FAMEE 3.1g/cm o AT, AL
Ahe Ae ARgagla, PR HEES

(200um,Honzo metal)S AF&3Fe] Z QA AZXF 10413 A-2olA o] 3 & F/9Ad H2EES Jgssit.
= =

L9 7l= 200mAh/g S 7S
RateEAL 0.1CZ2/0.1CHALS 23] W= 3
T+

S ST, Aol FHEAS (251
Y

(@)
=
R
o
o

%= 5% Arske Hot 29
H g Avbe]vh(0.205H,0.10%7) . dFvE 2 e
UeEld ¥ ©3Ex o wude] A

(12mAh/g) © ZA 7388 2elsiqict.

¥ 4o 0.2CF4A/0.200A =
A5 C-rated 7l W& A2 WHEHS e

9 176.3mAh/g®] WAE&FS HERAH. =,

=i 2 AL CC/CV 2.5~4.25V, 0.005C cut-offE A &3}git).
0.20FA =704 1C,2C,4CE 2 C rated Z7FA7]HA

1/0.5CH A 20 5085 43,
o} ==

A
o] 739 188.3mAh/go] W8S
AAde] uhE &l

(]
ofy
2

[e) o) = [e]
B A5 F/HH S4s

#% 4
T A% 27 %A &% % a8(0.2034,0.2C)
Li1.05(Nig.sCoo.1Mng.1)0z Liy.05(Nig.Coo.1Mng.1)0.995 (Al Moo 2)0 00502
1“ charge 209.0 215.9
capacity(mAh/g)
1“ discharge 173.0 183.5
capacity(mAh/g)
82.7 85.0

st ..
1 efficiency(%)

Z5
53 A9 C-rated7/lol e A2 WHE v0(0.2C FH7E)
Li1.05(Nig.gCop.1Mng.1)0; Li1.05(Nig.8C00.1Mno.1)0.995(Alg.sM0o.2)0.00502
A8 0.1C 176.3 100% 188.3 100%
(mAh/g) 1C 157.1 89.1% 171.5 91.1%
2C 149.1 84.6% 165.4 87.8%
4C 138.8 78.7% 158.0 83.9%

T 4o A} o] AA(Al/Moo] EHE)e %27 &
E3EA] kg 4 C/0.2Co A 78.7%2 ‘teRd WA

5 83.9%= YEHHS F<lst

o
B

% 62 Al/Mo =3 /%o tigk 0.5CF#,0.5C7 2 2.

fo] S7Hee FQlsisivh. g & 504 vl (Al/Moe]
A

AT (Liy.05(Nig.sCoo.1Mng.1)0.995(Alo Moo 2)0.00502) 2] 7

k. % F9 54 = E 33 fASPI 2 AREE Fesan.

5-4.25V S xSl 2 S dEkd 23

FFuE B EElBde] =gsA e As 271 ¥ 503 AtelE A F 97.1%°] &% fx&(capacity
retention)& WERAT. Wl EnlE B SeHdle] =gE A wd 2N 7] &% vl 99.8%¢] &7
FAES Ui, oldd daeiy sl Jrt 231 WA(EFEERY, 28Y Su, % A =) e
o d7skehs 24E UEhdE Slsin

skell A, 2 el 54 A7 AWE i EASAAN £ wEE VA" AAjde] A H = Aol ok,
= 2] AP B WS BloluA] @a gedsil 4 2 MEd 5 e o] Vel EobelA g3 A4
< 7R Al Al AR deltt. mEkA, a8 A B MPdES £ dHe] ved Moy #HoRsR
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H spEHow oaiHol e rEm, MEFE AAqEe Uy 5ol &£} stofok & Aol

1
g

k1
N
~

EH2
pos SniNgg o, Mm, . AL MO0, O,
g
- = g : =)
=
z *|12 . 8
2 L h i W i
2
.g Ui, (N Co. Mn, )O,
M L A A H...J e
R 1 I 1 1 ! i i
10 20 30 40 50 60 70 80

Cu 2K a20/deg.)
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k1
N2
[N\

Discharge Capacity (mAh/g)

1
g
HN

Potential (V vs LifLi")

170

180 -

150 |

120

190 |-

Nuu@a M, IO,

BT 01012

Y1.05™08%%01" "0 1’09950 8" %0 20 00872

10 20 30
Cycle Number

40

44+

32

28

Ly 5™ 9% 1 Mg 119

by 0™ 8% 10 110585 5" 0z a 00s%2

25 50 75 100 125 150
Capacity (mAh/g)

175
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Potential (/ vs.Li/Li")

1
g
()

Discharge Capacity (mAh/g)

4.4

30

28 -

26

24

bi; 0sMig gCg,

by 05 559 4

5
g 410,

My 1l pestp 5™

0.2'0.005%2

190

180

170

160

150

140

130

120

75 100

Capacity (mAh/g)

125

150

175

20 30
Cycle Number

40

50
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