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(graphite) 372 mAh/g

(anisotropy) ABC 1 2 4
Lithium-based electric vehicle(EV)
EV EV (soft or
hard carbon) DEF (isotropy)
1 2 4 3 1000
1 2 4 3 (compromise)

(for pilot plant)

( A G La Lc
(anisotropy)
LiCe
372 mAh/g
(milling)
B C
(template)

(volume change)



(pulverization)

3C
Matrix
tap
density(g/cnt) (mAh/g)
EV 3C EV 3C
(mAh/g) xtap density(g/cnt)
(mAh/cnt)
Materials Li C LigTig Oz 5l 5n sh
Density (gem ) 0.53 235 35 2.33 7.29 6.7
Lithiated phase Li LiCg Lig Tig Oz Liy45i Lig45n Liy5h
Theoretical specific capacity (mAhg") 3862 mn 175 4200 904 660
Theoretical charge density (mAhcm—) 2047 B3T7 613 9TEG T246 4422
Volume change (%) 100 12 1 320 260 200
Potential vs, Li(~V) 4] 005 1.6 0.4 06 (i L]
Materials Al g Bi
Density (gem—3) 2.7 1.3 078
Lithiated phase Lial LizMg LisBi
Thearetical specific capacity (mAhg—") 993 3350 385
‘Theoretical charge density {maAhem-7) 2681 4355 1765
Volume change (%) 946 100 215
Potential ws, Li (~V] 03 0.1 n.a




(MANg)

1000mAh/g
140mAh/g
200mANRg 43%
300mAh/g 7%
600mAh/g 40%
1
20 20
( )

C Al Mn Si Sn Fe Ni

(L]

=200 mAh g

+++++++

C=140mAh g

U

Taotal Specific Capacity (mAhg )

0 00 Iluuu 1500 I}_u:m
Anode Specific Capacity (mAh g}
(18650 cell)
993 mAh/g 4200

and pulverization)
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gel 700

( D )
200
100%
= 2_ @ Charge
fm- = Dischange
T;:mo--
et
:%_1&:!-
1] 20 a0 B I.I‘C"'FI;:-IH-“;&‘ g 16D TR 20
SEM
Shinichiroh Iwamurd® wrinkle
/
( )
wrinkle 10nm
Wrinkle/
80% 100cycles 1500mAnh/g
96~99%
Current density i A g~
021025 50 251002
s m: ! ¥ 1 H 4
1) B N O
Exum.,i [ { T T

Z 800
gqm-i
D :

0 20 40 &0 B0 100
Cycle number

Wrinkle/ TEM

Hiroyuki Usui® (S)
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(metal silicides)

FeSb/Si, VSp/Si

Li- metal
200mAh/g M Sk/Si M Sk
Si mechanical alloying(MA) M Sk Si
LinSi (stress)
1) ) ©)
(4)
Electrpde Advantage Disadvantage Solution
materials
i Coulombic efficiency L ow capacity vStructure change
Graphite (theratio of the (372 mAh/g) vModification g
extracted Li tothe 1.2 4
inserted Li) 3 re
Sn, Sb, Si, Ge, | High capacity(Sn: 993 | Thecharge/discharge | v'Reduce the size of
Sn0,,Co,0, mAh/g, Si: 4200 mAh/g) | causesthe pulverization| materials to
1.2 4 of theedectrodedueto | nanometer scale
e huge volume variation | v'Dimensional
N change
Poor kineticsdueto
cracking(oxide) 3
Metal oxides | High specificcapacity | The difference of v'Structure change
encapsulated by| Excellent cycling graphenestructures | from encapsulated
graphenelayerg Performance 1 2 4 | andalignment car bonaceous
1 & materials

1



(spinel)

(zero strain)

(TiTTi*®)

VP M e

(6)

Kyu-Sung Park NH;
TiN
L i4+nTi5012

XRD

(LiaTisO12)

175mAh/g
Li/Li* 1.5V
0V versus Li/Li"
(~10° Scm't)
(low tap density,<1.0gcrmi®)
N i+2
N
N
NHs 700
HRTEM

EDX



EDX N

XRD

HRTEM EDX
10
162mAh/g(0.01C)
10C 120mAh/g
TiN/LigTisO12
180 o
160 -
"o 140 Cﬂ"lﬂm |l 106
£ 120 o - -
E 100 - |
;E' 80 |
E 60 (c) \
g 40 — ---l--(A) |
20 - e~ (B) P L L LT P ST
S m m % @ @ = n
Cycle Number
(A B 10 )
Hyun Kyung Kim'” (reduced graphite oxide, RGO)

RGO
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modified Hummer method RGO
200 700

RGO/ LisTisO12

Graphite Hummers Diethylene glycol (DEG)
— method‘ GO + Titanium ethoxide
 — Water

v

200 20min/Teflonvessel «—— LiOH
Dry 70 24h Micro-assisted solvothermal
Li-Ti-b/RGO
700 5h@5%H,Ar

v

Li,TisO,/[RGO

RGO/ L i4Ti5012

(8 XRD
25~27 RGO TEM 10-20nm
TEM TGA
2% RGO
RGO XPS C/Oratio
C/Oratio 5.28 26.9
(2) ] L, Tty JCP DS cand Mo, B-020T
= &
‘ % ig |§ % a3
E.' i 1 i | Il m |
=
=
£
£
Lig il RGO
| ——

RGO/ LisTisO12 (8) XRD  (b)(c) TEM
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RGO/ LisTisO12

1C 154mAh/g 50C 128mAh/g 1C
83% 100C 65% 100
cycles 1C 10C 4~5%
z5(b) :ax.su:c.m-'_?:h:rillncmc ) 180 ©
g | =
2 2 -
g a
: i *
= g 20 ]
1002 500 0L 100 10 52 1C o T : v = v
2 20 a0 &0 BD 480  12x 140 480 o 20 40 B0 an ]
Cycle number

specific capacity (mAh/g)

RGO/ LisTisO12



LipS

1675mAh/g 2600Wh/kg
( ) (
) Li/S
(dead sulfur) /
polysulfide ions (LixS)
;] ®
Liwen Ji (immobilizer)
/ Hummers method
/ /
(GO) (N&S) Sodium polysulfide solution
(NaSx) (cetyl trimethylammonium bromide, CTAB) GO
2 2M (HCOOH) 30~40 2
50
48 GO-S 160 Ar
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NS+ (x-1)S =NaiS 50 agn
Hummeﬁimethod

GO-S

> §5+0H — (x-1) S+ H.S 160 12h
GO
CTAB/HCOOH/titration

GO-S
GO-S GO
GO-S
GO-S
Sample name GO Heat treated GO Heat treated GO-S
nanocomposites’
Conductivity (Scm™) ~ 0.00120 0316 0.105
* These materials were heat treated in Ar environment at 155°C for 12 hour
GO-S TEM EDX
TGA GO 66% TEM
GO soft X-ray
absorption C-S CGC C-O @
(CV) 2.4V 21V 1.8V
polysulfides(LiSy) 1.8v L.S
2.6V LS  polysulfide CV scan
GO
GO-S (b) 0.02C

24v  18v CV
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Ok 30 Imd 1s
0.06 (b)
~ o6} 2.5
g £
= 003 2 2
: 5
5 noop & 15
_“.03' L 2 2 ' " 4 e ].0 r i i
12 16 20 24 28 32 36 0 400 800 1200 1600
Voltage [V vs LiLi'} Capacity (mAh g}
1600 1600
0.02c w Charge capaciiy
5 1zm:rl' 1 H (c) o 1200 ‘:‘ ne (d)
] 0.1 bery F':ﬁ-%‘-"' i T ——
‘-;, s00} . 8h0e '-‘
= E nsi ‘\ﬁr‘
E- ETITI] 3 = 400} ~
G = I W
0 ol : . .
0 10 20 3 40 50 0 20 40 [
Cycle number Cyele number
@ (b) (© (d)
0.02C 1320mAh/g 96.4%
1247mAh/g 97.5% 96.7%
X2(c) GO S
lithium polysulfides
X2(d) 1C
550mAh/g  2C 370mAh/g
GO GO
( Hummers method )
polysulfide anions
(low dead sulfur) LixS

GO-S
polysulfides GO
GO
porous carbon  Li/S
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/ 9

Mumin Rao PAN+PMMA
inversion
PAN PMMA
sodium thiosulphate CTAB
160 Ar
738nt/g 2nm
100nm EDX map

53.7%
2.4V
polysulfides(LixS,, n>4) 2.6V
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(Li2Sn, n<4)

1300mAhg(0.02C )

(©

740 mAh/g
Li/S
30t (h)
28 '
26 h
1 N B
P22 Tl
2 20 )
18 — st aluham\
=== 2nd discharge %,
16+ tad" it
et R ST Tt

Capaiily (mAh g I-!inullur'l'

/ / (10)

Mumin Rao

2% 66%

550mAh/g

Capacity (mAh ¢ -Sulfisr)

100nm

Ccv

(b)

2.4~2.0V CvVv
100
97.9%~98.5%
1600 - 120
1400 (c) -
1200 {7 002C i
1000 ‘“ ; 5
R =
BOD &0 5
it 4n
400
200 [
0 . . . . . ' ' a
1] 20 40 B0 BO 100
Cyele mumber
1200mAh/g
600mAh/g

50

electrochemical impedance spectroscopy(EIS)
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modified Hummer method

21



(2) Liang M.H., Zhi L.J., J. Mater. Chem., 19:5871 (2009)
(2) Chan C.K., Peng H., Liu G., Mcllwrath K., Zhang X.F., Huggins R.A., Cui Y., Nature
Nanotechnology, 3:31 (2008)

(3) Derrien G., Hassoun J., Panero S., Scrosati B., Adv. Mater., 19:2336 (2007)

(4) Shinichiroh Iwamura., Hirotomo Nishihara., Takashi Kyotani., J. Power Sources
222:400 (2013)

(5) Hiroyuki Usui., Kazuki Meabara., Koji Nakai., Hiroki Sakaguchi., International
Journal of Electrochemical Science 6:2246 (2011)

(6) Kyu Sung Park., Anass Benayad., Dae Joon Kang., Seok Gwang Doo., J. Am.
Chem. Soc.,130:14930 (2008)

(7) Hyun Kyung Kim., Seong Min Bak., Kwang Bum Kim., Electrochemistry
Communications 12:1768 (2010)

(8) Liwen Ji., Mumin Rao., Haimel Zheng., et.a., J. Am. Chem. Soc.,
133:18522 (2011)

(9) Mumin Rao., Weishan Li., Elton J. Cairns., Electrochemistry Communications
17:1 (2011)

(20) Mumin Rao., Xiangyun Song., Elton J. Cairns., J. Power Sources 205:474 (2012)



