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BAA A8 AAE Ao, AhA 94 I” Y vidls d S-S B AR B
ANE ARG, SR 2 A FiAAC] A= poly(vinylidene fluoride) (PVDF), carboxymethyl cellulose
(CMC), polyacrylic acid (PAA) HIQIT] ol w} Alzal3) om, tekst Asl|da} H7HAE o]&3sto] A& =
o} S8 &8 %] Bkl Xeoray diffraction (XRD), scanning electron microscope (SEM)?} thermogravimetric
analyzer (TGAYE &3l 214 SAS L4816 0H, A713818h4] 548 S AlolE, &5, 3R, ¢
AX HAES B3 AT SR Sl 5 Aok 33 =1 4 : 8 W] 2 Alo]E <t
A3E& BT PAA BRI E ARESto] Az A52 2 8593 9P/3& B91.0m, EC:DMC:EMC 3|48 AL
4319S Wl 719 mAh/gd] ¥ 7] 9557 9573 AtolE YA YERIQIT). Tdt vinylene carbonate (VC) 337}
Alell 2 C/0.1 C QD W 77% §%F A€} 0.1 C/0.1 C 2 ) 88% 7 3|53 UERAS sk}

Abstract — In this study, the electrochemical performance of Graphite/Silicon/Pitch composites as anode material was
investigated to improve the low theoretical capacity of artificial graphite. Spherical artificial graphite surface was coated
with polyvinylpyrrolidone (PVP) amphiphiles material to synthesize Graphite/Silica material by silica islands growth.
The Graphite/Silicon/Pitch composites were prepared by petroleum pitch coating and magnesiothermic reduction. The
Graphite/Silicon/Pitch composite electrodes manufactured using poly(vinylidene fluoride) (PVDF), carboxymethyl cellulose
(CMC) and polyacrylic acid (PAA) binders. The coin type half cell was assembled using various electrolytes and additives.
The Graphite/Silicon/Pitch composites were analysed by X-ray diffraction (XRD), scanning electron microscope (SEM)
and a thermogravimetric analyzer (TGA). The electrochemical characteristics of Graphite/Silicon/Pitch composite were
investigated by constant current charge/discharge, rate performance, cyclic voltammetry and electrochemical impedance
spectroscopy. The Graphite/Silicon/Pitch composites showed high cycle stability at a graphite/silica/pitch ratio (1:4:8
wt%). When the electrode is prepared using PAA binder, the high capacity and stability is obtained. The coin type half
cell assembled using EC: DMC: EMC electrolyte showed high initial capacity (719 mAh/g) and excellent cycle stability.
The rate performance has an capacity retention (77%) at 2 C/0.1 C and an capacity recovery (88%) at 0.1 C /0.1 C when
the vinylene carbonate (VC) was added.
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Fig. 1. Schematic diagram of the preparation process of Graphite/Silicon/Pitch composites.
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3
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Fig. 2. Manufacturing procedure of Graphite/Silicon/Pitch composites.
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Fig. 4. SEM images of Graphite/Silicon/Pitch composites (a) Graphite, (b) Graphite/PVP, (c), (d) Graphite/SiO,.
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Fig. 5. TGA curves of Graphite/Silicon/Pitch composites.
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Fig. 6. Cycle performances of Graphite/Silicon/Pitch composites with
different silica contents.

) 27§ 505, 587, 650 mAh/gO & SAHTE =2 &
veEhfglon, 7] %%1 7FI R3S 71, 72, T1%E &
Abet A akg BT B4 9] Alo] & g8 27t
87%%] &5 WeSIT SA/A e/ 2
/gg];']._,] tflalzo] 7‘7]. L/\E Jg_ako] __7].6LO E‘_
olx|= A S Bt

Ag)7t g Aol 7Y B2 §58 B3l 5 At 9
A7k 1: 4 6 u]&ol tiste] 7)x] I ghgel mE AHS x1st
STk, 'R AR AAA 91X IR $Hge]] wjet Alzd S
YA S B 718k ds-g Hrkeh ] SlEl Alel
Z S0 HAES Wl B34 G/SiC-6, G/SYC-7, G/
Si/C-Sgl @7]&‘61—7(‘] /HL‘ .z:l7},_ 0.1C Zﬂoﬂ/q 21 st ]_oﬂ ou;] ] ]
< Fig. 70l AASISITE HEAA
G/Si/C-6, G/Si/C-7, G/S]/C-SJ 271 232 650, 567, 441 mAh/gS
vehfglom, 271 & 71832 71, 73, 74%% BT &
o] Abo) 2 QAL ZH7) 88, 90, 97%2] &S Hlor,
TS 96% o142 EF A58 eIt S ZAA 55

F

2A9) 912 T8 Fgel W A3 A A4 9129 18 ek
o] Z7VE5% 27] w83} A0l F egAo] ZlekE TS B

1200

—v— Graphite
—a— G/SilC-8
—&— G/SilC-7
—e— G/SilC-6

1000

800 -

600

Capacity (mAh/g)

400 -

200 -

Cycle number

Fig. 7. Cycle performances of Graphite/Silicon/Pitch composites with
different pitch contents.
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Fig. 8. Cycle performances of Graphite/Silicon/Pitch composites
according to binders.
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ing to electrolyte additives.
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