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Cycle performance of Si Electrode
DGSi: CB: VGCF: Binder=79:1:2:18 wt.%
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After Charge-Discharge Test Si Electrode
(After 5cycle,0-1V, Pl-base binder, Cu foil 20um)
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Classification of binder
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3000

Electrode Photograph After 200t cycle; Cu foil 10 um

Cu foil 10 pm

1M LiPF, (EC:DEC=50: 50vol, VC1 wt.%)
PE membrane t20 um+ glass nonwoven fabric t400 um
CR2032 coin cell

3500 . o
g *ﬂﬂ?ﬁ]g 77.1% @ Charge capacity

3000 ¢} 86.5% < Discharge capacity
EU) 50t cycle 77.8%
< 2500 100t cycle
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;(I_), 2000 200t cycle
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Cycle Patterns of Si Electrode at 30°C, 0.01-1.00 V/(vs.Li*/Li ), 0.25C-rate.
Inset is the charge and Discharge curves.
Cu foil t10 um
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%” (= 2.1 mAh/cm?)
§ | [ Cu foil (t40 um) 0.25 C-rate, 30°C
fa) ® Cu foil (t 10 um) 0.01-1V cut off
0 L [ [ [ L [
0 20 40 60 80 100
TABRER N5 Cycle
Heat treatment (150°C): 77.1%
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3000 F , . 0
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Capacity (Si:mAh/g)

1000 F 150°C:1.22 mg/cm?(=3.7 mAh/cm?)
300°C :1.32 mg/cm?(=4.0 mAh/cm?)
- 0.2C-rate, 30°C

0.01-1.00 V cut off

0

0 10 20 30
BRI/ NS Cycle

Heat treatment (150°C): 66.6%

Heat treatment (300°C): 69.7%

Current collector :Cu foil (40um)

Electrolyte solution :1M LiPF¢(EC: DEC= 1:1vol%,+VC 1wt.%), 2 mL/cell
Separator :Glass nonwoven fabric

Cell type :CR2032 coin cell
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Sn: 2.60 mg/cm?
g 00118V Sn
.D 0.52 mg/cm?

0 Inorganic binder coated
#ﬂ/ Uncoated
AT
0 10 20 30 40 50

cycle
In: 2.09 mg/cm? | n
0.01-1.5V
0.74 mg/cm?
A/ Inorganic binder coated
Uncoated
0 10 20 30 40 50
cycle

Discharge capacity (mAh/g) Discharge capacity (mAh/g)

Discharge capacity (mAh/g)

800 ot 1200 500
700 Ge: 2.30 mg/cm Ge = |norgan|c = .
~ ~
600 0.01-1.4V z 100 l;«(«/ binder coated F€203 w0 Graphite |
E E I TILIIIL
500 I 0.59 n;:,g/cc;n2 . > 800 (((««( 1.06 mg/cm? Z 30
norganic binder coated 5 ]
0 . (@@ £ o, “tteq & \ Uncoated
300 () ((é(((((((((((((((( s | Fe,0,:2.71 mg/cm? $«’0«' s 200 | Inorganic binder coated
E 400 0.01-3.0V <~0¢«<¢ & 0.70 mg/cm?
2 200 } < 2 100 Graphite: 4.50 mg/cm?
a Uncoated e 0.01-0.8V
0 A ' ' 0 .
0 10 20 30 40 50 0 10 20 30 40 50
cycle cycle
1000 400 I 500
w w

0 | SnO | £ ¢ CuO |2, | Hard carbon

| 0.28 mg/.cm% E b\} 0.30 mg/cm? % Hard carbon: 4.50 mg/cm?

600 Inorganic binder coated £ es,,JNOTEANIC binder coated £ 300 | 0.0-1.0V

Uncoated § 200 f “ ««'««(«>« ¢ & Uncoated -

400 8 s Sty o 200 W)
Sn0: 2.30 mg/cm? 2 100 5 I ic bind d
0.01-1.8V 5 I 5 100 | Inorganic binder coate

200 2 Cu0: 3.2 mg/c Uncoated 2 0.40 mg/cm?

| 0.01-3.0V ) .
0 0 f 0
0 10 20 30 40 50 0 10 20 30 40 50 0 10 20 30 40 50
cycle cycle cycle
800

C] . oge
z 0.73 mg/cm? NiO Test condition
£ 500 Inorganic binder coated Active material: AB: PVdF
'§ = 88: 4: 8 wt.% / Cu foil 10 um
g 400 4 Heat treatment: 160°C, 24h
) Uncoate Vs. Li metal
S 200 | i .DEC=1:

100 Sb,s.: 2.67 mg/em? 3 NiO: 4.17 me/em? 1M LiPF,/ EC:DEC=1:1vol, +VC 1wt.%

05-2.0V a 0.01-3.0V PP/PE/PP membran§+ Glass filter
0 4 0 " CR2032 coin cell, 30°C
0 10 20 30 40 50 0 10 20 30 40 50 Current: 0.1 mA/cm?
cycle cycle
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3500

2 | 30°C, 0.1 mA/cm? - /Lt 20°
E ::Eg «((((\(((((((((((((((((((((((((((((((((( ) 3500 Inorganic binderoc:)(:t]e-d ieilt\yl VS'LI/LI 32 Cz
S 2000 Inorganic binder coated «(«(((((. 0 I_ 0.48 mg/CmZ 3.0 mAh/cm
§ 1500 | 0.47 mg/cm? < 3000 @ 0.1C-rate
B | men o) E e I_ (fr(q,((( - 0.12mg/cm?
2 [ = (1
& o 2 I (¢
0 10 20 30 40 50 2 2000 F.\\ <<<\<<’"<<’/ by '/<<(((.«{'L( «ry
cycle o ) F << ({1 (
2.0 Si: 0.92 mg/cm? - (a) S lb}} rl-rrm}\ <<<<,,,2<<<<<<<<;f’< ((((«{(@(« ((.'i
0.01.1.4V 2.5 mAh/cm? N 8 1500 | lg,” lrrr 0.90 mg/cm <<<<<<<<<<<<<<<<<<4<<<¢
0.1mA/cmz 7 (b) gfo 7 f/ w;illmuu.
=~ L5 (b) 2cycle = 1000 F K ff/lf}///ﬁ/ff/ﬂf/
3 © /ffl/f//f//f//;/f/ff//ff/m
= /i
5 (5) Leycle § 1.77 mg cm? //I//f//f///f//f/ﬂ
10 [ a 00 f
z (a) 1cycle
[} (a) 2cycle UncoatEd
E {b) Lcycle // 0 ......................................... ' '
(=]
> 05 \ 0 20 40 60 80 100
cycle
0.0 . 1 > .
0 1000 2000 3000 4000 FABRN\AZEDI—rELFGRE
Capacity (Si: mAh/g) o . . . .
Charge and Discharge Curves Of Si Electrode at 30 C, Active material: AB:\:GCF: PVdF = 85: 4: 1: 10 wt.% / Cu foil 10 pm
. . Heat treatment: 160 °C, 24h
0.01-1.40V (VS. |_I+/|_| ), 01mA/cm2 Vs. Li metal
s Y 1M LiPF/ EC:DEC=1:1vol, +VC 1wt.%
(a) With Inorganic binder PP/PE/PP membrane+ Glass filter
[ inorganic binder: 0.47 mg/cm?, Active layer 25 um] CR2032 coin cell, 30°C

Current: 0.1 mA/cm?

(b) Noneinorganic [ Active layer 25 um]

BL. AT 2EMECEBMBRICK->T, RBELI—FETEILT S, > 10
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|

Inorganic binder coated (0.2mg/cm?) Uncoated

H 2H B 2B 4B 6B

Na,0-3.0Si0, (0.35mg/cm?)

| 1.4
12 F Na20'3.05i02 6H
Uncoated § 1
()]
SiE B0 HEE R EREEE (ISI K6854-2 BE) £ s
. — 0, o ” -
(100 mm/min, 2kgA@—>—, 25°C, A& 180° , ®
TERAOKA R ZRT )L T4 )L Ls#h7& T— I No.6315#258) W gg-F-mmmmmmmmmmmmmmmmmmmmmmmmmmmmme oo -
g H
EEBIEELSEBOPMHE 3 mAh/cm? T 04 3B H
B a—t= THEE ., | 4B |
- Uncoated 0.264N ' l
Li,0-4.55i0,  0.38mg/cm? 2.137N o b o
LiNaO-3.755i0, 0.35mg/cm? 2.745N — 4
Na,0-3.05i0,  0.35mg/cm’ 3.815N SNES S REWEFIRDT %_
Si: PVdF: AB: VGCF=85: 10: 4:1 wt.%/ Cu foil

(EE4s° |, FTE750gf, = ZUNIFAZE, IS K5600-5-4)
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*’|‘ k™ - ‘)-"ﬂf
' = 10
| Over 0.2 mg/cm?

ey F—FD
' S . .
i Inorganic binder coated mg/cm?
- Uncoated
0 20 40 60 80 100

AA—2% (mm)

Graphite B 1B D B KX EAHE R (JSI1 K6854-2 B&) 3 mAh/cm?
Inorganic binder coated Uncoated (100 mm/min, 2kgA—3—, 25°C, & 180° ,
TERAOKA R TR T IL I )L LkhiET—FNo.631S#25B)

Graphite: SBR: CMC: AB: VGCF
=93.5: 2.5: 1.5: 1.8: 0.7 wt.%/ Cu foil(10 pm)

AE& N (N)

O B N W & U O N 00 ©
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TR S HER (NCM/ Si(0.2 mg/em?)) EaSTR o

Nail inserting

ETRIFFDEERT: 4.143V = _ass
ﬁ]’o)ﬂ%kjﬂg . 27.60C * T L5 ’ § 4.33 . Positive electrode
S 4.31 . AV=0.003 V
Nail inserting . o = T_;
! EINRISHE26CRELER R S 820 | N
45 80 o i 4.298 V
g 427 |
a
40 F Cell voltage 4.25
35 | - 4.20 —_
— 3. 7 - 4 60 _ [ Cell voltage
Z 30 } . 25°CIRIZ L g AV=0.026 V
\ 16 [
go s | g % 4.16
% 2o conditions (1 mm/s) ‘o 40 "‘E § 4.14 \4-143 v
S MAX 27.6 C = 4.12
> . (]
= .. 1 & Nail o "0
8 ‘ QE, 0.20
14 20 —
1.0 F Cell surface L— - T o | AV=0.022 V
05 F #5847 ($p3mm, N65, BB x RK) 5 - _0.158V
HEAE (REAREREH) Sl B
0.0 » 'l » 'l » 'l » 'l » 0 .‘—-B 0.14 N
0 2 fl .6 8 10 § 012 Negative electrode
Time (min) S o010
. = = 0 2 4 6 8 10
Fig. %;ﬂ@ffﬂ Eigﬁfﬁ%% Time (min )
Cell capacity: 1 Ah 4.2V [NCMIE#B]5.1 X 8.3 cm X 63X : 5 Scyan
Nail: ¢3 mm, Round wire iron nails NCM111: AB: VGCF: PVdF=91: 3.3: 0.7: 5 wt.%/Al 15um E;‘EEE&EEEM
Na|| Speed: 1 mm/sec {S|ﬁ*@] 54X86cmX 7*& L|I:_7ot:’:l/
Environment: 25°C +1 °C Si: AB: VGCF: PVdF= 85: 4: 1: 10wt.%/Cu 10um [Separator)PP/PE/PP 25 pm

EA#%] 1.2M LiPF; EC/EMC/DEC=30: 35:35vol
> 13



7RI 2 BB (NCM/ Si(0.34 mg/cm?) YN STtaT~

Nail inserting

ETRIBFDEERET: 4.161V = _ 430
ﬁ]-o)ﬁaiﬁiﬂg 27_20C + 7% L& . g 4.28 _ AV=0.001 V Positive EIeCtrOde
> 4.
Nail inserting . o = T_U' 426 \4 266 V
il EIMRNEHE22°CRELR K S 424 .
4.5 80 S ax
o}
a
4.0 F 1 Cell voltage :-;g
35 F - B
- mm 60 - [ Cell voltage
> ., | 25°CIR1E € SB[ av=0007V 8
o0 fud o0 L
© 25 F | 3 % 414 } 4.161V
S 20 | MmAXx27.2°C < > 412 |
> .
S L | :
10} Cell surface L—1 20 @ =2
\ —
05 88T (d3mm, N65, B4 3 PIjkE) 50T 3\/163.306\/
. c_u |
K] [
0 2 :ﬂ' .6 8 10 § 0-10 | Negative electrode
Time (min) S .08
. == =1 0 2 4 6 8 10
Fig. '?E;I.;'mo)ﬁ]-ﬁllﬁitgﬁ%%% Time (min )
Cell capacity: 1 Ah 4.2V [NCMIE4E]5.1 X 8.3 cm X 64K Tt EFE L EBIEE L

NCM111: AB: VGCF: PVdF=91: 3.3: 0.7: 5 wt.%/Al 15um

[SiE18] 5.4 X 8.6 cm X 78 LIF—TJ 7L

Si: AB: VGCF: PVdF= 85: 4: 1: 10wt.%/Cu 10pum
Efi#i%&]) 1.2M LiPF, EC/EMC/DEC=30:35:35vol

Nail: $3 mm, Round wire iron nails
Nail speed: 1 mm/sec

Environment: 25°C 1 °C [Separator]PP/PE/PP 25 um
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Nail inserting

4.28
ETRIFFDEEFET: 4.002 V - = o
ETORAREE : 58.0°C ' 0 ﬂé,m S Positive electrode
. 4.24
>
Nailinserting ! T 4.22 AV=0.052 V
|5 4.220V
4.5 i 80 £ .20 NS
a0 F ¥ o 0 2 4 6 8 10
, | Cell voltage 4.30
3.5 - [e) —
- MAX 58.0°C mn 4 60 — Cell voltage
230 | | 25°CIRIR £ > :
o | g & 4.10
E > Nail [ 40 % %0400 AV=0.190 V
g 20 = =" ~4.002V
= 15 g- 3.90 1
S o Cell surface L] ,, & _ o040 ° 2 4 6 8 10
. - < | _
05 k 84T ($p3mm, N65, BB X PIER) 5 030 | A(;IEZO(')l\?“ v
FRERE (REAREAREMT) = [
0.0 L L L L L L L 0 TE 0.20 [
0 2 fl ,6 8 10 § 0.10 Negative electrode
Time (min) S :
0.00 L L L L L L L L L
Fig. & 1*30)?]'@] HTE%%E% ° 2 Time (min) ¢ 8 10
Cell capacity: 1 Ah 4.2V [NCMIE4E]5.1 X 8.3 cm X 64K Tt EFE L EBIEE L

NCM111: AB: VGCF: PVdF=91: 3.3: 0.7: 5 wt.%/Al 15um

[Graphite#%]) 5.4 X 8.6 cm X 74 Lik—J72L

Gr: CB: VGCF: CMC: SBR=93.5:1.8: 0.7: 1.5: 2.5 wt.%/Cu 10
il . _ 6/Cul0um  [separator]PP/PE/PP 25 um
Z %] 1.2M LiPF, EC/EMC/DEC=30: 35:35vol

Nail: $3 mm, Round wire iron nails
Nail speed: 1 mm/sec
Environment: 25°C £1 °C
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(RREEM)

NAAOXLYT T INA ZD IS A A=k )
(IEE, RE, BE. FE, KE, GPSKED LY
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NAFOx T AEMDEFESE

RYERNLAAXT T INAZRORBOF— LI

BREAR: O5i—BAs: R T S5 L USRS -
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