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Li-ion battery is most stable and with

> P A i fil 13 R highest energy density among current

\%H = 7? ;,}i /" _@ fe %\ secondary batteries.
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Examples of elements
on graphite

AMT AR 65 W OEN o

Potential vs. Li/Li*

FAHTEYTH e % (SEl) > 224
b EHAR R R 5 |
<1.4v
SEl formation
from additive

SEIL & ehp hE 5 7 kT i

<0.9v
L]y - 2 L5 = '
Ra o> AR PRRiEAEY FY SEI foation
B from electrolyte

A4 enSEl > fr& 423 ¥ 2 £
Z L= N\
o
<0.2v
Lithium intercalation
& SEl formation

An et al, Carbon 105 (2016) 52-76.

ov

I; o, . .
=y-Salt e Lithiumion £ _—_2 Graphene sheet Dense inorganic compound
O~ Ethylene Carbonate (EC) A Linear carbonate

O~ Propylene Carbonate (PC) (.. Gas product “* Porous inorganic and organic compound

Inorganic and organic compound
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Tesla Model S

The entire battery pack
weighs 1,200 pounds...

ol

16 battery modules or
7104 batteries make
up the total Tesla S

Module of

444 batteries “battery pack.” Lithium
equivalent
PR LB L& T E aRRAL
TR FERE bR ?

ﬁ% :‘{: b r" i i ioswﬁgg £ 4]iPhonesx it ' i< »
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o ﬁ_. 5 37 y charging voltage

@ P TEFFA O NEERAFIFF R &AH
% & o cell voltag
T lb vs. Li/Li*

BETTR ® LI FEATHAEY  FTHEEFTT N LD

time (ms)

charging voltage

cell voltage|
vs. LifLi*
mw%t u é_‘p){\’ ’“ﬂ,@%&ﬂ ’ n’f\/@’:%&@:rf‘%ﬁ-%;%_ Eﬂ?]’?f% TL%
f£7 A2 R 7
o 2 P time (ms)
B EF Bl w nbﬁaa])‘mﬁ)i

charging voltage

cell voltage|
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SEI film

[CH,OCO,Lil,

LiOCO,C,H,

LiOCO,C,H,
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Relative energy (eV)
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~95% SOH

1400
1350
1300

1250

Capacity (mAh)

~80% SOH

1200

— CC-CV
—— Composite sinusoidal waveform

T T T T T T

T T
200 300 400 500 600

1150

I
0 100
Charging cycle number
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¥ 1218650 BS & #

A \\BS \5.
? By traditional method By the moderate charging Improvement
» . . .
% L Cell capacity L Cell capacity - Saving
%“ Charging time (SOH) Charging time (SOH) Reviving charging time
. 938.14 mAh . 1209.14 mAh . .
1 49 min (64.7%) 24 min (83.4%) 18.7 % 25 min
L sh ok 4 h 4
AR T R . 609.15 mAh . 740.38 mAh 0 .
(* 5ARE) 2 27 min (42.0%) 25 min (51.1%) 9.1% 2 min
. 1245.68 mAh . 1285.44 mAh 0 .
T R N eI 3 33 min (85.9%) 23 min (88.7%) 2.8% 10 min
. 1143.22 mAh . 1282.99 mAh 0 .
4 49 min (78.8) 25 min (88.5%) 9.7 % 24 min
L . L Cell capacity L Saving
Charging time Cell capacity Charging time (SOH) Reviving charging time
. 1135.89 mAh . 1269.57 mAh 0 .
1 103 min (78.3%) 28 min (87.6%) 9.3% 75 min
. 794.09 mAh . 869.78 mAh .
ARG L 20
| PR =y 2 79 min (54.7%) 25min (59.9%) 5.2% 54 min
(* 725 mARI£) . . N
3 95 min 125187 mA 22 min 1349.53 mA 6.8% 73 min
. S i R T (86.3%) (93.1%)
i * 3CA & & {7 R
4 103 min 1287.89 mAN 27 min 1350.14 mAN 43% 76 min
(88.8%) (93.1%) o7

SOH : i & K it > 100% 7 % & 5 1450mAh o & 5= 8§ 45§ # chCC-CV L 7 = 3¢ o
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Iphone 7. »
1300 €% gre SF &% (Iphoned i)
1200 AL 23k 0 T AL 920% o
T
€ 1000
900 LTRLTE 4.35V
800 1FRR 3.82V
ol "L LR 27V
O s
cycle FITRFE 1715 mAh

#7EF Hnewtalk | 5k £.4F ¥ & £ ¥ ¥ 2019.01.15
iPhone T # P 4547 | %2 £ £ #%H1I005 3T
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1150_’ —— CC-CV

—— Composite sinusoidal waveform
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0.25
composite
020 4 020 - waveform _
0.15 - 0.15 1
2 2
0.10
§ 0.10 4 §
E £
N N
0.05 0.05
—— New
4 |—®— 100 cycles
—4&— 200 cycles
| |—%— 300 cycles ]
0.00 —— 400 cycles 0.00
—p— 500 cycles
1 [—@— 600 cycles
T T T T T T T T T T
0.00 0.02 0.04 0.06 0.08 0.10 0.00 0.02 0.04 0.06 0.08 0.10
Zre (ohms) Zre (ohms)
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L Ro Czei Cdl
([T VAV i | |
Rsei Rct W
\\I'U'IPE
Composite sinusoidal waveform
New 100 200 300 400 500 600
Ro (M) 45.66 | 46.89 | 4759 | 4759 | 47.72 | 48.05 | 48.38
Rgg (MQ) 3.63 3.51 3.48 3.55 3.62 3.64 3.71
Rcer (MQ) 5.30 6.44 6.61 6.99 7.05 7.36 7.62
CC-cVv
New 100 200 300 400 500 600
Ry, (MQ) 45.11 | 46.71 | 46.61 46.99 | 47.46 | 47.50 | 50.50
Rggr (MQ) 3.31 3.91 3.49 3.56 3.67 3.81 4.25
Rcer (MQ) 4.77 6.81 6.35 6.53 7.44 7.51 7.93
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Current (A)

-0.24

0.4 -

GESIERE

0.4

0.2 4

0.0

— New

= 100 cycles
w— 200 cycles
= 300 cycles
= 400 cycles
== 500 cycles
= G600 cycles

Current (A)

2.5

T T
3.0 35
Potential (V)

T
4.0

o4 Composite
. sinusoidal
| waveform
0.0 4
— \ew
= 100 cycle
0.2 = 200 cycle
= 300 cycle
= 400 cycle
-0.4 - === 500 cycle
~— 300 cycle
2.5 3!0 I 3!5 I 4!0

Potential (V)

Composite sinusoidal waveform

New 100 200 300 400 500 600
Ipa (A) 0.41001 0.40074 0.37437 0.35026 | 0.32934 | 0.32934 | 0.3164
e (A) 0.45245 0.3784 0.35271 0.33492 | 0.29892 | 0.30119 | 0.30119

CC-cv

New 100 200 300 400 500 600
Ipa (A) 0.4552 0.43859 0.39228 0.35014 | 0.33795 | 0.30959 | 0.22978
I (A) 0.45245 0.41289 0.37001 0.33462 | 0.30198 | 0.30149 | 0.23126
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Fh 7+ s
(SEM)

- 10um NTUT 6/21/2019 6/21/2019
SEM WD 13.1mm 14:35:06

15.0kV SEI S WD 13.1mm 15:05:08

B Oxygen

B2 Other elements

Elémenl content (%)

3 ) s 0 el : >
4 A New cell Composite si

WD 10.0mm 14:08:01 waveform

10pm NTUT 1/16/2019
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Intensity (a.u)

Intensity (a.u)

Intensity (a.u)

Intensity (a.u)

C1s

T T T T T
294 292 290 288 286 284 282

Bindina Enerav (eV)

Intensity (a.u)

Intensity (a.u)

0

U T T T =
294 292 290 288 286 284 282

Binding Energy (eV)

Intensity (a.u)

Intensity (a.u)

Binding Energy (eV)

294 292 290 288 286 284 282
Binding Energy (eV)

Intensity (a.u)

536 534 532 530 528

536 534 532 530 528
Binding Energy (eV)

New battery
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charging
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LiNi,Mn,Co,0, Li Mn,.O, Li,MPO, (M = Mn, Fe, Co, Ni)
~0.2-0.6eV ~0.2-04eV o 01026y

(®)

< fraFs
M. Saiful Islam et al,

Chem. Soc. Rev., 2014,
43,185.

SRR i 7 AL
o

(d)

Li,FeSiO,
~0.9-1.0eV LiFeSO,F
o® %y ~ 048V
Li,MnSiO,
~0.9-17eV ' 4 o
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Insolubility:
Porous Dense
[CHZOCOZITi]2< LiIOCO,CH; < LiOH < LiOCO,C,H; < LIOCH; < LiF < [LiCO,], < Li,CO5 < Li,O

cathode

SEIZ 4 % f *t
L|OCOZCZH4 § o e
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Depth (nm)

0.5 J = ,J\r. . 71’ Diffusion pathway
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Li,CO;f $2. ¢ 2 fF B S ptie
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Diffusion barrier (eV)
o
D

0.1
S.Shietab,J. Am. Chem. Soc. 2012, 134, 1547 ol

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Diffusion coordinate
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