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Differential distribution (%)

S-unregenerated

— S-600
— S-650
—— S-700
— S-750

S-800

O —
1 T
Diameter (um)
Cathode materials D10 (um) D50 (um) D90 (um)
mixtures
S-unregenerated 131 15.1 71.85
S-600 0.65 1.53 2.65
S-650 0.72 1.62 2.72
S-700 0.73 1.60 2.64
S-750 0.73 1.53 2.45
S-800 0.69 1.44 2.29
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Potential (V)
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Cathode materials mixtures

Tap density (g cm™)

S-unregenerated 0.886
S-600 0.875
S-650 0.991
S-700 1.000
S-750 0.957
S-800 0.946
4.4 4.4
a2 A 220 b
4.0 | //- a0l
3.8 | 3.8 L
3.6 B _ 36 B
3.4 -\ 4 _ % 3.4 | ~ R
32 E 3.2
3.0 -_ S-unregenerated 8 3.0 S-unregenerated
I —— S-600 f =——S-600
28 —— 5650 28 ——5-650
26 — S-700 26 ——s-700
L S-750 L S-750
2.4 - S-800 2.4 S-800
(o] 20 40 60 80 100 120 140 160 180 200 (o] 20 40 60 80 100 120 140 160 180

Specific capacity (mAh g™)

200

Specific capacity (mAh g™)

ANFHREE T B AR IEARAPR TS i 2k, @251, (b)H52/

- 15t Discharge 1%t Coulombic 2" Discharge 2™ Coulombic
Cathﬂ%itﬁ‘r%tse”als capacity efficiency capacity efficiency

(mAh g*) (%) (mAh g*) (%)

S-unregenerated 142.9 99.2 143.1 98.7
S-600 139.2 85.3 140.4 96.2

S-650 147.3 93.0 1475 98.0

S-700 139.1 89.7 140.0 97.8

S-750 128.0 81.1 128.3 98.4

S-800 119.1 79.8 120.4 98.1




Discharge specific capacity (mAh g™*)

Discharge specific capacity (mAh g™)
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Cathode materials R,(Q) Ry(Q) R.(Q)
S-unregenerated 4.292 12.42 8.583
S-600 7.075 - 68.18
S-650 4.965 - 22.62
S-700 4.303 -- 24.68
S-750 5.125 -- 25.23
S-800 2.876 -- 31.39
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a:Unused graphite
b:Unused acetylene black
c:Used mixture
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Intensity

Intensity

350000
a I b (002) Unused graphite
H-600 300000
J H-500 250000 - 35688
H-40! h
H-300
200000 |-
l H-400 > sed mixture
2
A H-300 2 150008y
J Used mixture 100000
50000
(002) (101)  (004)  ynused graphite
0 1 1 L
10 2'0 3'0 4'0 5'0 6'0 7'0 30 25.0 255 26.0 26.5 27.0 27.5 28.0
26(degree) 20(degree)
C 350000
C-H-600 d (002) Unused graphite
300000
1 C-H-500
250000
C-H-400
200000 |- "
Used mixtures
J C-H-300 ‘%‘ C-H-500
f =
i £ 150000 - H-300
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100000 |
J 50000 |-
002) (101)  (0g4)  Unused graphite|
1 1 1 1 1 1 0 1 1 L
10 20 30 40 50 60 70 80 25.0 25.5 26.0 26.5 27.0 27.5 28.0
20 (dearee) 26 (dearee)

Unused graphitefJ002IE8z5E , REEAEARSEH. #E7. 1BFE7. Used mixturesHEBES
BRI, AhEER. 1EFE | ATLAOO2IESEESE. 1E||3LE,\ WMEBRENTHS , 002I8BERES |, Iif
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(a) Unused graphite
D Wt - (b) Used mixture
‘*;:f};j (c) C-H-300
] (d) C-H-400
(e) C-H-500
(f) C-H-600
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Heat-treated anode

Tap density (g

materials cm-3)
Unused graphite 1.05
Used mixture 0.72
H-300 0.86
H-400 0.93
H-500 0.94
H-600 094

Regenerated Tap density(g
anode materials ml-3)
Unused graphite 1.05

Used mixture 0.72

C-H-300 1.00
C-H-400 1.02
C-H-500 1.03
C-H-600 1.03
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M500°CE]600°C, KA
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Differential Distribution (%)

Differential Distribution (%)

25

15 F
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25

15

10 -

[ = Used mixture
20 F

| —— H-500

—— Unused graphite

—— H-300
—— H-400

— H-600

M|

10 100
Diameter (um)

| —— Used mixtures
20

=—— C-H-500

Unused graphite

—— C-H-300
—— C-H-400

— C-H-600

L . . .
10 100

Diameter (um)

Heat-treated D10 D50 D90
anode materials (um) (um) (um)
Unused graphite 961 17.08 24.65

Used mixture 741 19.05 34.74

H-300 7.84 17.10 28.08
H-400 5.98 12.61 20.27
H-500 5.87 12.73 20.84
H-600 5.98 12.72 20.61
Regenerated D10 D50 D90
anode materials (um)  (um)  (um)
Unused graphite g g3 1819 29.25
Used mixture 741 19.05 34.74
C-H-300 9.80 20.35 32.39
C-H-400 7.13 1453 2287
C-H-500 7.12 1468 23.17
C-H-600 7.14 1465 23.16
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Voltage (V)
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P N N w
o o (6] o

o
o

0.0

L7
o

= nused graphite
m— Jsed mixture
— C-H-300

s C-H-400

m—— C-H-500

m—— C-H-600

0 50 100 150 200 250 300 350 400

Special capacity (mAh g™

Heat-treated anode

materials

Coulomb efficiency

Unused graphite
Used mixture

H-300
H-400
H-500
H-600

86.41%
83.99%
77.76%
84.38%
83.34%
84.87%

Regenerated Discharge @ Charge  Coulombic
anode capacity  capacity  efficiency
materials (mAh g-1) (mAh g-1) (%)
Unused 423.8 366.2 86.41%
graphite
Used mixture 349.2 293.3 83.99%
C-H-300 392.8 333.6 84.93%
C-H-400 418.9 362.5 86.54%
C-H-500 405.5 345.3 85.15%
C-H-600 421.7 362.6 85.99%
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410 P 1 —e— Used mixture 100%
i ' —A— H-300
4~ 400 | : —v— H-400
© L0l ' —#— H-500 o 9%
< 390 1 S
< F 1 S
£ 380 1 oy
> 370 | L T 90% |
20 o 2
8 360 ©
3 N E 85%
0
(0] 350 L o I —&— Unused graphite
% 340 g —e— Used mixture
e L O —a— H-300
Q307 80% - —v— H-400
a 320 —&— H-500
L —<— H-600
310 | 75% " 1 " 1 " 1 "
300 0 10 20 30 40
Cycle number (n)
430 Cycle number (n)
10.05C 0.1C ) 100% |
420 / —=— Unused graphite I
a0~ —e— Used mixture 98% |
~ 400 ' —4A— C-H-300 06% ’
o L ! —v— C-H-400 o
< o —&— C-H-500 < il
1 > (]
E 38O —<— C-H-600 ) L
> 370 | ! S e |
3 I = L
360 % | )
2 [ g 90% I —a— Unused graphite
o 390 S sswl —e— Used mixture
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0 320 i 84% e —4— C-H-600
310 82% 1 L 1 " 1 L 1 L 1 L 1 " 1 L
300 L . . . . . , 0 10 20 30 40 50 60 70
0 10 20 30 40 50 60 70

Cycle number (n)
Cycle number(n)
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DMC. DEC. EMC . ECH4)H it 5

gl EFE (g mL) K 15 5 (€) () IR ITE
DMC 1.069 CIpE: 2-4 90 iRl
DEC 0.975 ALV -43 126-128 Separation liquid
EMC 1.01 Gz -14 107 Separation liquid
1 ) y Separation liquid
EC 1.3218 214g L1 (20 ©) 35-38 243-244 +Distilation
‘__DECS@aration liquid DEC
—EC

(containing EC, NaOH., LiF, NaF, Na,HPO,)

Spent anode material

Mixture water solution Separation liquid Distilation,

—— Water

L—» Solid waste

Mixture of DMC and EMCeRaation quid » v e 6f DMC and EMC

Separation liquid Centrifuging. Dryige ¢ .4 0o
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