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Table 2-1 Crystallite sizes of samples A, B and C graphitized at 3000°C under argon

gas atmosphere using Shaft-type furnace

Properties Lc (006) Lc(112)
Source carbon [nm] [hm]
Sample A 66 6.1
Sample B 42 4.1
Sample C 37 4.7

Table 2-2  Effect of graphitization time on the crystalline sizes of samples A and C

heat-treated under argon gas atmosphere using batch type graphitization furnace

Graphitization Time (at 2800°C) 0.5 [hr] 3.0 [hr]
Lc (006) [nm] 72.6 66.9
Sample A
Le (112) [nm] 4.2 4.6
Graphitization Time (at 3000°C) 0.25 [hr] 1.0 [hr]
Lc (006) [nm] 270 28.0
Sample C
Lc(112) [nm] 3.0 3.0

Table 2-3  Effect of graphitization methods (continuous and batch) on the crystalline sizes

of samples A and C heat-treated at 2800°C under nitrogen gas atmosphere

Graphitization Lc(006) Lc(112)
Type [nm] [hm]
Sample A Continuation 18.0 7.2
Batch 144.0 113
Sample C Continuation 40.0 5.8
Batch 39.5 78
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Table 2-4 Effect of graphitization methods (continuous and batch) on the battery properties of

samples A and C heat-treated at 2800°C under nitrogen gas atmosphere

i . . Initial
Properties Graphitization Capacity Density efficiency
Type

Source carbon [mAh/g] | [g/cm’] [%]
Continuation 352.9 1.65 845

Sample A
Batch 3321 1.73 68.0
Continuation 320.0 1.55 924

Sample C
Batch 333.5 1.65 91.8

Table 2-5 Effect of charging methods on the crystal sizes and battery properties of sample A

graphitized at 2800°C under nitrogen gas atmosphere

Volume of crucible [1] 0.13 1.1
Filling rate [vol%] 77 91 45
Capacity [mAh/g] 337 335 341
Density [g/cm?3] 1.70 1.63 1.72
Initial efficiency (%] 87.6 83.6 92.1
Lc(006) [nm] 59.1 63.9 62.4
Le(112) [nm] 11.1 7.7 7.9

DED | No W AFHK TSR 5Bkl BULHIRE 720 TREMENEITT 5D T
1372 <0 —REOMBERIMENEITT 5 2 L AR 5, MEERIMEIRH KU BT S B
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— L7c S a O BIMUIRE & SR OV TR b D TH 5,
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Fig. 2-5 Relationship between the quantity of residual nitrogen and

graphitization temperature
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Fig. 2-6 Pictures of the furnace pipe whose parts were sublimated by the reaction with

nitrogen gas before (a) and after (b) graphitization
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Table 2-6  Effect of gas atmosphere (argon and nitrogen) on the crystalline sizes of sample A

graphitized at 3,000°C

i Lc (00 Lc(112
Properties atmosphere ¢(006) o )
Source carbon gas [hm] [nm]
argon gas 62.3 6.5
Sample A
nitrogen gas 75.6 6.9
2.4 £&®
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Fig. 3-1 SEM images of milled and classified carbon powder samples from; (A) raw coke of
needle cokes, (B) calcined coke of needle cokes, (C) raw coke of mosaic cokes and (D) calcined

coke of mosaic cokes
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Side view

Fig. 3-2 SEM images of sample A before (a) and after (b) graphitization at 2,800°C
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Fig. 3-3 SEM images of sphericalized samples A ((a) and (b) at 30m/sand 80m/s) and
samples B ((¢) and (d) at 30m/s and 80m/s)
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Fig. 3-5 Change in the particle size distribution of sample A’ at different

sphericalization times at 80m/s
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Fig. 3-8 SEM images of sample A’2 from side view before (a) and
after (b) graphitization at 2,800°C

Table 3-1 Relations of the shape maintenance rate by the difference in sphericity

Source carbon
Sample A Sample A2 Sample A'2

Properties
Average particle 1\ g g4 14.3 29.6
diameter
Sphericity [%] 52.1 58.3 82.5
Maintenance rate %] 64 60 100

of the shape
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Fig. 3-10 Relations of the shape maintenance rate and the sphericity
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Fig. 3-12 Lattice fringe of graphitized carbon powder (sample A’2)
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Fig. 3-13 Particle strength of graphitized spherical carbon powder
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Fig. 4-2 SEM images of raw materials used in the synthetic process: Raw cokes (al, low
magnification, a2, high magnification), acetylene black NPs (b), TiO2 NPs (c), SiO, NPs (d) and
milled Si NPs (e)
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Table 4-1 Particle size of raw materials

Raw material Particle size
Raw cokes 3—7pum
Acetylene black (AB) 30 -40 nm
Titania (TiO,) 20-30 nm
Silica (SiO,) 20 - 30 nm
Milled silicone (Si) 130 — 140 nm

4.2.4 BERFBRTFOBBSARBIOCTAREEROAIE
ATENE AT A il — IR (LECO #E84 > TC-600 ) 12 & - CTRUEHHh ofgE & h
%%*E%ﬁbko
A FEHEIT, WEE 1,050C TRALILEE L, T ORERENS 7 BEARE2HT
LkoM%#%$$@M$w\W&wi\Mﬁaﬁwki0#4$aﬁ¢ﬁ%%M%n
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RS HTZ, 2O — & 16mm® (I HHW o, 1.5¢em? THEA L CAMAER L
72

Fio, VU R ORRIGEZ M3 2 BT, —#AR Y A I REPHZE =&
FEAM A S L7z, £ ORFOlRIT, BB BRI T EF LT T v 7 033 EEEL.
RUVAIRP03BEEHNTHD,
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Fig.4-3 SEM images of carbon particles with different shapes

(a) nodular carbon (b)spherical carbon material
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Fig. 4-4 SEM images of core-shell typed carbon composite synthesized from raw cokes and
acetylene black NPs; low-magnification (a), high magnification (b), scraped-off particles

surface (c), and cross sectional image (d)
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Fig. 4-6 Elemental mapping of core-shell type carbon composites synthesized from raw cokes

and TiO, NPs; SEM image (a) and elemental mapping of carbon (b), titanium (c), and oxygen (d)
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Fig. 4-7 SEM images of internally mixed carbon composites synthesized from raw cokes and

TiO, NPs; before (a) and after (b) graphitization process at 2,800°C
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Fig. 4-9 SEM images of internally mixed carbon composites synthesized from raw cokes and

Si0, NPs; (a) before and (b) after carbonization at 1,000°C
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Fig. 4-10 Specific surface area measured using nitrogen adsorption, tap density and particle

size distribution of carbon/SiO, composite; (a) before and (b) after carbonization at 1,000°C

Fig. 4-11 Elemental mapping for cross-section image of carbon/SiO, composite after
carbonization process at 1,000 °C; SEM image (a), elemental mapping of carbon (b),

silicon (c), and oxygen (d)
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Fig. 4-12 XRD patterns of internally mixed carbon composites synthesized from raw cokes

and SiO; NPs before and after carbonization at 1,000 °C
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Fig. 4-13 Charge-discharge voltage curves of carbon/SiO; composites at various Si

contents after carbonization process at 1,000 °C
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Fig. 4-14 Relations between battery capacity and Si content in carbon/SiO; composites

after carbonization process at 1,000 °C
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cokes and milled Si NPs under various carbonization temperatures
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Fig. 4-18 Charge-discharge voltage curves after carbonization process at 1,000 °C of internally

mixed carbon composites synthesized from raw cokes and milled Si or SiO> NPs
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Fig. 4-19 Cycling performance after carbonization process at 1,000 °C of the internally mixed

Carbon/SiO; and pure carbon using different type of binder (PVDF or PI)
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