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After Charge-Discharge Test Si Electrode 
  (After 5cycle,0-1V, PI-base binder, Cu foil 20µm) 

Cycle performance of Si Electrode 
DGSi: CB: VGCF: Binder= 79:1:2:18 wt.% 

(1M LiPF6/  EC:DEC=1:1vol, Glass Nonwoven separator #GA100) 

0.2C-rate, 0.0-1.0 V, 30ϴ 
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Fast Charge and Discharge curves of Si Electrode 
DGSi: CB: VGCF: PI= 79:1:2:18 wt.% 

(1M LiPF6/  EC:DEC=1:1vol, Glass Nonwoven separator #GA100) 

: 61.6% 
PI 250ϴ  
0.2C-rate 
0.0-1.0 V 
30ϴ 

Irreversible 
 capacity 
1500 mAh/g 

LiC6; 360mAh/g 

  (500 mAh/cc) 

Li4Si; 1000~3000 mAh/g 

   (1000~2000 mAh/cc) 
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PVdF CMC PVA  

SBR PTFEPP PE  

PI PBO  

Li2O n SiO2  Na2O n SiO2  

 

 

 

 2400ϴ 

-  1600ϴ 

 1300ϴ 

Polybenzoxazole (PBO) 

1000ϴ 

Polyimide (PI) 360ϴ 

PAI  310ϴ 

380ϴ 

PTFE  250ϴ 

PVdF CMC 160ϴ 

PP SBR  140ϴ 

PE Nylon 120ϴ 

 

Binder of Heatproof Temperature 

Classification of binder ATTACCATO 
Limited Liability Company 
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(1)  

 

(2)  н ̒

900ϴ  

(d) 

(c) 
(b) 

(a) 

(a) : Li2O nSiO2 x= 2, 3.0֔ n֔4.5   

(b) : LixNa2-xO nSiO2 0֔x֔1, n= 2.0  
(c) : LixNa2-xO nSiO2 0֔x֔1, n= 2.5  
(d) : LixNa2-xO nSiO2 0֔x֔1, n= 3.0  
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XRD Pattern (Cu Yʰύ 
 (Heat Treatment of Binder: 140ϴ) 

PH2  

PH11  

100ϴ
 

20~40 : Halo Pattern 
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Al2O3 D50= 3 µm  
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Cu foil t10 ˃Ƴ 
1M LiPF6 (EC:DEC=50: 50vol, VC1 wt.%) 
PE membrane t20 ˃Ƴ+ glass nonwoven fabric t400 ˃Ƴ 
CR2032 coin cell 

Si  

 Charge capacity 
 Discharge capacity 

77.8% 
100th cycle 

62.6% 
200th cycle 

86.5% 
50th cycle 
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Cycle  

2 mAh/cm2 

Cycle Patterns of Si Electrode at 30ϴ, 0.01-1.00 V(vs.Li+/Li ), 0.25C-rate. 
 Inset is the charge and Discharge curves. 
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: 77.1% 

Capacity (Si: mAh/g) 

Electrode Photograph After 200th cycle; Cu foil 10 µm 
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Cycle  

0.67 mg/cm2 

(= 2.1 mAh/cm2) 
0.25 C-rate, 30ϴ 
0.01-1 V cut off 

10 ˃ Ƴ  
 Ҝ  

Cu foil 10 µm 

Cu foil 40 µm 
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Heat treatment (150ϴ)  77.1% 
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Discharge capacity_150ϴ 

Charge capascty_300ϴ 

Discharge capacity_300ϴ 

/ǳǊǊŜƴǘ ŎƻƭƭŜŎǘƻǊ Υ/ǳ Ŧƻƛƭ όпл˃Ƴύ 
Electrolyte solution :1M LiPF6(EC: DEC= 1:1vol%,+VC 1wt.%), 2 mL/cell 
Separator :Glass nonwoven fabric  
Cell type :CR2032 coin cell 

Si  

 300ϴ  
 150ϴ 70  

150oC :1.22 mg/cm2 (=3.7 mAh/cm2) 
300oC :1.32 mg/cm2 (=4.0 mAh/cm2) 
0.2C-rate, 30oC 
0.01-1.00 V cut off 
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66.6% 

69.7% 

150oC 

300oC 

Heat treatment (150ϴ)  66.6% 
Heat treatment (300ϴ)  69.7% 
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0.1-0.2 mg/cm2 

Al2O3  (GDS) 30µm 

sec 
Al2O3: CB: PVdF=90:5:5 

: 4 mm  ˒
: 2kPa 
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Na Si

 

Uncoated 

Inorganic binder coated 
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Sn, SnO, Sb2S3, In, Ge NiO, CuO, Fe2O3

Si  

Si 

Inorganic binder coated 

Uncoated 

Fe2O3 
Inorganic  
binder coated 

Uncoated 

Inorganic binder coated 

Uncoated 

Ge 

Sn 

Inorganic binder coated 

Uncoated 

SnO CuO 

NiO Sb2S3 In 

Hard carbon 

Graphite 

Inorganic binder coated 

Uncoated 

Inorganic binder coated 

Uncoated 
Uncoated 

Inorganic binder coated 

Inorganic binder coated 

Uncoated 

Uncoated 

Inorganic binder coated 
Uncoated 

Inorganic binder coated 

Uncoated 
Inorganic binder coated 

cycle cycle cycle cycle 

cycle cycle cycle 
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D
is

ch
a

rg
e c

a
p

a
ci

ty
 (

m
A

h/
g

) 
D

is
ch

a
rg

e c
a

p
a

ci
ty
 (

m
A

h/
g

) 

D
is

ch
a

rg
e c

a
p

a
ci

ty
 (

m
A

h/
g

) 
D

is
c
h

a
rg

e c
a

p
a

c
it
y 
(m

A
h/

g
) 

D
is

ch
a

rg
e c

a
p

a
ci

ty
 (

m
A

h/
g

) 

D
is

ch
a

rg
e c

a
p

a
ci

ty
 (
m

A
h/

g
) 

D
is

ch
a

rg
e c

a
p

a
ci

ty
 (

m
A

h/
g

) 
D

is
ch

a
rg

e c
a

p
a

ci
ty
 (

m
A

h/
g

) 

D
is

ch
a

rg
e c

a
p

a
ci

ty
 (

m
A

h/
g

) 
D

is
ch

a
rg

e c
a

p
a

ci
ty
 (

m
A

h/
g

) 
D

is
ch

a
rg

e c
a

p
a

ci
ty
 (

m
A

h/
g

) 

Si: 0.92 mg/cm2 

0.01-1.4 V 

Ge: 2.30 mg/cm2 

0.01-1.4 V 

Fe2O3: 2.71 mg/cm2 

0.01-3.0 V 
Graphite: 4.50 mg/cm2 

0.01-0.8 V 

Hard carbon: 4.50 mg/cm2 

0.0-1.0 V 

NiO: 4.17 mg/cm2 

0.01-3.0 V 
Sb2S3: 2.67 mg/cm2 

0.5-2.0 V 

In: 2.09 mg/cm2 

0.01-1.5 V 

Sn: 2.60 mg/cm2 

0.01-1.8 V 

Active material: AB: PVdF 
= 88: 4: 8 wt.% /  Cu foil 10 µm 
Heat treatment: 160ϴ, 24h 
Vs. Li metal 
1M LiPF6/  EC:DEC=1:1vol, +VC 1wt.% 
PP/PE/PP membrane+ Glass filter  
CR2032 coin cell, 30ϴ 
Current: 0.1 mA/cm2 

0.47 mg/cm2 

0.59 mg/cm2 
1.06 mg/cm2 

0.70 mg/cm2 

0.40 mg/cm2 

0.30 mg/cm2 0.28 mg/cm2 

0.52 mg/cm2 

0.49 mg/cm2 
0.73 mg/cm2 

0.74 mg/cm2 

Test condition 
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SnO: 2.30 mg/cm2 

0.01-1.8 V 
CuO: 3.2 mg/cm2 

0.01-3.0 V 



Si  

Charge and Discharge Curves of Si Electrode at 30ϴ, 
0.01- 1.40 V (vs. Li+/Li ), 0.1mA/cm2.  
(a) With inorganic binder 
  inorganic binder: 0.47 mg/cm2, Active layer 25 µm  

(b) None inorganic  Active layer 25 µm] 
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0.48 mg/cm2 

0.12mg/cm2 

0.90 mg/cm2 

1.77 mg/cm2 

Uncoated 

 

Active material: AB:VGCF: PVdF = 85: 4: 1: 10 wt.% /  Cu foil 10 µm 
Heat treatment: 160ϴ, 24h 
Vs. Li metal 
1M LiPF6/  EC:DEC=1:1vol, +VC 1wt.% 
PP/PE/PP membrane+ Glass filter  
CR2032 coin cell, 30ϴ 
Current: 0.1 mA/cm2 

3.0 mAh/cm2 

0.1C-rate 

0.01-1.4 V vs.Li/Li+, 30ϴ 

Inorganic binder coated 

Uncoated 

Si: 0.92 mg/cm2 

0.01-1.4 V 

0.47 mg/cm2 

(a) 

(b) 
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 Si 0.12 0.48 mg/cm2  
  

Inorganic binder coated density 

30ϴ, 0.1 mA/cm2 

0.1 mA/cm2 
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Si  

 Si
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Si: PVdF: AB: VGCF=85: 10: 4:1 wt.%/ Cu foil 
45 , 750gf, UNI , JIS K5600-5-4  

 11 

6H 

4B 
3B 

2H 
H 

(m
g

/c
m

2
) 

Na2O 3.0SiO2  

Uncoated Inorganic binder coated (0.2mg/cm2) 

   
- Uncoated 0.264 N 

Li2O 4.5SiO2  0.38 mg/cm2 2.137 N 
LiNaO3.75SiO2  0.35 mg/cm2 2.745 N 
Na2O 3.0SiO2  0.35 mg/cm2 3.815 N 

Na2O 3.0SiO2 (0.35mg/cm2) 

Uncoated 

Si JSI K6854-2  
100 mm/min, 2kg , 25ϴ,  180 , 

TERAOKA No.631S#25B 

Si  3 mAh/cm2 
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Graphite JSI K6854-2  
100 mm/min, 2kg , 25ϴ,  180 , 

TERAOKA No.631S#25B 
Uncoated Inorganic binder coated 

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

  
SBR, CMC, Acrylic

 

Uncoated 

Inorganic binder coated 

 

Over 0.2 mg/cm2 

0.1 mg/cm2 

3 mAh/cm2 



NCM/ Si 0.2 mg/cm2   
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Positive electrode  

Cell voltage 

Negative electrode  
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Time (min ) 

Cell surface 

Nail 

Cell voltage 

Nail inserting 

Nail inserting 

MAX 27.6ϴ 

4.298 V 

4.143 V 

0.158 V 

Cell capacity: 1 Ah 4.2V 
Nail: ˒ о mm, Round wire iron nails 
Nail speed: 1 mm/sec 
Environment: 25ϴ 1 ϴ 

Fig.  

: 4.143 V 
 27.6ϴ 

ɲ±Ґ 0.003 V 

ɲ±Ґ 0.026 V 

ɲ±Ґ 0.022 V 

ATTACCATO 
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˒оƳƳΣ N65,  
 

NCM 5.1 8.3 cm 6  
NCM111: AB: VGCF: PVdF= 91: 3.3: 0.7: 5 wt.%/Al 15µm 
Si  5.4 8.6 cm 7  Li  

Si: AB: VGCF: PVdF= 85: 4: 1: 10wt.%/Cu 10µm 
 1.2M LiPF6 EC/EMC/DEC=3035:35vol 

SeparatorPP/PE/PP 25 µm 
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25ϴ  

2.6ϴ  



NCM/ Si 0.34 mg/cm2   
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Positive electrode  

Cell voltage 

Negative electrode  
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Time (min ) 

Cell surface 

Nail 

Cell voltage 

Nail inserting 

Nail inserting 

MAX 27.2ϴ 

4.266 V 

4.161 V 

0.108 V 

Cell capacity: 1 Ah 4.2V 
Nail: ˒ о mm, Round wire iron nails 
Nail speed: 1 mm/sec 
Environment: 25ϴ 1 ϴ 

Fig.  

: 4.161 V 
 27.2ϴ ɲ±Ґ 0.001 V 

ɲ±Ґ 0.007 V 

ɲ±Ґ 0.006 V 
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˒оƳƳΣ N65,  
 

  NCM 5.1 8.3 cm 6  
NCM111: AB: VGCF: PVdF= 91: 3.3: 0.7: 5 wt.%/Al 15µm 
Si  5.4 8.6 cm 7  Li  

Si: AB: VGCF: PVdF= 85: 4: 1: 10wt.%/Cu 10µm 
 1.2M LiPF6 EC/EMC/DEC=3035:35vol 

SeparatorPP/PE/PP 25 µm 
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 NCM/Graphite  
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Positive electrode  

Cell voltage 

Negative electrode  
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Time (min ) 

Cell surface 

Nail 

Cell voltage 

Nail inserting 

Nail inserting 

Cell capacity: 1 Ah 4.2V 
Nail: ˒ о mm, Round wire iron nails 
Nail speed: 1 mm/sec 
Environment: 25ϴ 1 ϴ 

Fig.  

: 4.002 V 
 58.0ϴ 

MAX 58.0ϴ 

4.220 V 

4.002 V 

0.220 V 

ɲ±Ґ 0.052 V 

ɲ±Ґ 0.190 V 

ɲ±Ґ 0.134 V 

ATTACCATO 
Limited Liability Company 

˒оƳƳΣ N65,  
 

  NCM 5.1 8.3 cm 6  
NCM111: AB: VGCF: PVdF= 91: 3.3: 0.7: 5 wt.%/Al 15µm 
Graphite  5.4 8.6 cm 7  Li  

Gr: CB: VGCF: CMC: SBR= 93.5: 1.8: 0.7: 1.5: 2.5 wt.%/Cu 10µm 
 1.2M LiPF6 EC/EMC/DEC=3035:35vol 

SeparatorPP/PE/PP 25 µm 
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25ϴ  


