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Abstract — In this study, Graphite/Silicon/Carbon (G/Si/C) composites were synthesized to improve the electrochem-
ical properties of Graphite as an anode material of lithium ion battery. The prepared G/Si/C composites were analyzed
by XRD, TGA and SEM. Also the electrochemical performances of G/Si/C composites as the anode were performed by
constant current charge/discharge, rate performance, cyclic voltammetry and impedance tests in the electrolyte of LiPF6
dissolved inorganic solvents (EC:DMC:EMC=1:1:1 vol%). Lithium ion battery using G/Si/C electrode showed better
characteristics than graphite electrode. It was confirmed that as the silicon content increased, the capacity increased but
the capacity retention ratio decreased. Also, it was shown that both the capacity and the rate performances were
improved when using the Silicon (<25 pum). It is found that in the case of 10 wt% of Silicon (<25 um), G/Si/C com-
posites have the initial discharge capacity of 495 mAh/g, the capacity retention ratio of 89% and the retention rate capa-
bility of 80% in 2 C/0.1 C.
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Graphite
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Fig. 1. Schematic diagram for the synthesis of Graphite/Silicon/Carbon composites.
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Fig. 2. Manufacturing procedures of Graphite/Silicon/Carbon composites.

Az MR A7)s1eH4] 54 H7ket7] $13] WBCS 3000
Battery Cycler (Won A Tech)E ©]-&3to] & -Hd A3, &4 HA
ES A &5 HIAEE 0.1 C2 C 0.7 AFaEe] W=
T A 3 A AR HAEE W3kt A3 93
TE5HLE 0~3 VE 31 0.1 mV/s2] scan rateS 7151 ZIVE
LAB MP2 (Won A TechyZ ©]-4-3t0] 4310 th Aol Alg2
ZIVE LAB MP2 (Won A Tech)E AH8-31%1 2™, 1000 KHz~0.01
Hz®] W9lellA s=aiasict.

24

al
=

3. 1l Et

i}

3-1. Graphite/Silicon/Carbon $IHE 24 2A

G/Si/C2] XRD #¥l-& Fig. 3o YEF Ll G/Si/IC &A=
26.4°, 42.4°, 44.4°, 54.5°, 77.5°)| 4] Graphite2] 52 3] =7} LE}
501 o] JDPDS Card No.008-04159} & x| 3kc}. zbz+e] =1
o thaiA = 718 Al A gk 2] (002), (100), (101), (004),
(110)2] A H-E LERATH11,12]. T3 28.4°, 47.3°, 56.1°, 69.1°,
7630114 (111), (220), (311), (400), (331)H 2] 3]do] LJepte

1 ) @® Graphite
e & Silicon
®
S = _
] = P = s =5
=4 = =
> | ersic 27 &8 g B
2 1Si: 20 wt‘ZcJ ® o, @
[
R
£ |si: 15 wt%) uL L
si: 10 wtse/l_ L
20 40 60 80
2 Theta
Fig. 3. XRD patterns of Graphite/Silicon/Carbon composites (Si<25

pm).
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Fig. 4. SEM images of Graphite/Silicon composites (a) Graphite, (b) G/Si (Si : 10 wt%), (c) G/Si (Si : 15 wt%), (d) G/Si (Si : 20 wt%).
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Fig. 5. TGA plots of Graphite/Silicon/Carbon composites (Si<25 pm).
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Table 1. Specific capacity of G/Si/C composites

95%33T}. 15 wt%2] H]-&ol| A= 7 HA| Alo]EelA] 508 mAh/gO &
T3k 530 Al EA] T3%RE AT 5 BHEST 96%2] F
T 2ES UERITE 20 wi%e2] B9 T HA| Alo|ZollM 2] S
567 mAh/go]™ wEAEF Aol E7HA] 70%2] 85 REE T 95%2]
T G858 g 4 93T} Silicond] A71E 25 um ©]sk=E ¢
T %7 Fofl= Table 13} Fig. 691 YERIS0] 25 um 32 4%
ZAs] Ay w7 AR 0.1 collA] 7] 432 Silicon 10 wt%,
15 Wt%, 20 wi% =©. % 717} 495 mAl/g, 617 mAl/g, 770 mAh/g®)]
LS Holn Y& AR}t 254 bk AES gl
Silicon®] H7}EA] 942 G/C HAA ] £7] £50] 345 mAh/g
Ql A& 8IS W A S7FsE #hS YERI A Th B3 Wang
F6]e] ATelA oF FARHA 7 A Alo]Eellx] 212t 417 mAbvg,
495 mAh/g, 595 mAh/gs WERA F 30 AL E7HA] 89%, 80%,
73%2] A& Holr E Alo)E A S YERIQIL. o] &
23l Silicon?] $go] T71EFE S5 Zolxu ey do] vto}
F31, Silicon?] =5 HLsH 2HTFoEA G5F Ul S

AT S Qe-S SRS mebd o) F 45 Ul SaeHAR,

G/Si/C (Si: 10 wi%)

G/Si/C (Si: 15 wi%) G/Si/C (Si: 20 wi%)

Silicon particle size <100 um <25 um
Ist cycle capacity(mAh/g) 494 495
Initial reversible capacity retention (%) 61 75
2nd to 30th cycle capacity retention (%) 82 89
Coulomb efficiency (%) 95 96

<100 pm <25 um <100 pm <25 um
605 617 718 770
62 64 55 56
73 80 70 73
96 96 95 96

Korean Chem. Eng. Res., Vol. 56, No. 3, June, 2018



324 |
1000
—a— GIC
—m— GISI/C (Si: 10 wt%)
. 800 - —e— GISI/C (Si: 15 wWt%)
=) —e— GISI/C (Si: 20 wt%)
=
E‘ 600 |
=
O 400
©
Q.
S
O 0
01+ : ‘ : : : :
0 5 10 15 20 25 30
Cycle number
Fig. 6. Cycle performances of Graphite/Silicon/Carbon composites
(Si<25 pm).
1000
(a) G/Si/C (Si : 10 wt%)
800
>
S
600
E
=
S 4004
o
[+
o
200 A
0 T T T T T T T
0 5 10 15 20 25 30
Cycle number
1000
(b) G/Si/C (Si : 15 wt%)
800 -
5
S
é 600
=
S 400 4
Q
[+
o
200 +
0 T T T T T T T
0 5 10 15 20 25 30
Cycle number
1000
(c) G/Si/C (Si : 20 wt%)
800 +
5
z
600
E
2
S 400
o
[
(s}
200 A

0 5 10 15 20 25 30
Cycle number

Fig. 7. Rate performances of Graphite/Silicon/Carbon composites
(Si<25 pm).
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