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Abstract — In this study, the electrochemical characteristics of Silicon/Carbon anode materials were analyzed to
improve the cycle stability of silicon as an anode materials of lithium ion battery. Porous silicon was prepared from
TEOS by the stober method and the magnesiothermic reduction method. Silicon/Carbon anode materials were synthe-
sized by varying the mass ratio between porous silicon and pitch. Physical properties of the prepared Silicon/Carbon
anode materials were analyzed by XRD and TGA. Also the electrochemical performances of Silicon/Carbon anode
materials were investigated by constant current charge/discharge, rate performance, cyclic voltammetry and electro-

chemical impedance tests in the electrolyte of LiPF dissolved in organic solvents (EC : DEC =1 :

1 vol%). The Silicon/

Carbon anode composite (silicon : carbon = 5 : 95 in weight) has better capacity (453 mAh/g) than those of other com-
position cells. The cycle performance has an excellent capacity retention from 2nd cycle to 30th cycle.
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Fig. 1. Schematic diagram of the preparation of Silicon/Carbon composites.

Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018



Al FRE A A E ek S54A10] 78k 54 563
Stirring _ Heat treatment ) Sonication
(Ethanol + Distilled water + NH;) (SiO, nanoparticles + Mg) (Porous Silicon + Pitch + THF)
| TEOS | | Etching | | Stirring |
| Stirring | | Washing | | Drying |
| Drying | | Drying | | Calcination |
| SiO, nanoparticles I— | Porous Silicon I— I Silicon/Carbon |
Fig. 2. Manufacturing procedure of Silicon/Carbon composites.
Az Az A s S aAe] B4 B4E XRD < . s
(High resolution x-ray diffraction, Bruker-D-5005)% Tth&-4] A& 4 ¢C
TR0 AR FRlskgion, A2 9 A S5
23141 TGA (SDT-2960, TA-Instruments) S AH8-3131 T}, A 2H g 3 g
A 9] A7)8hsta B4 Boksky] 9§ WBCS 3000 Battery > 1 £ -
Cycler (Won A Tech)E ©]-8-3fo] Alo] &, £ HIAES 213sI9iTh g 4 P /1 1 § 3
- i wt% ° L
ZIVE LAB MP2 (Won A Tech)Z AF&ato] T-574%He 0-2.5 VE = A A
3}l 0.1 mV/sec?] scan rate ©A] =8HPAF HAES X313 ﬁ ,SiC 10 wt% L ~— A
1, 1000 KHz~0.01 Hz9] 1ol Q1961 54 Saleloiet. | \sicswee |,
3. da} 2 E 10 20 30 a0 50 60 70 80
2 Theta
3-1. Al2|2/EN S2AYe| 2M 2AM Fig. 3. XRD patterns of Silicon/Carbon composites.
2E)2 ApA R Az Aegks B3R 10.7 mYg, Et
718371 11.5 nmE 7HAm, w1l A $h Al 4| MgoE 140
el g2 F8l Al sk nlsEH A o] FrksHAl |k ofw A SiIC 5 wt%
— - 120 ——— = Si/C 10 Wt%
ZH o el A2 AEFtel vl S7kE 376 mz/g—.% —_—— SiIC 15 wt%

7HAH, 37137171 16.9 nme] w2271 85 7RIt S5 )
BT E A7) AHA] IAMFE 420 °COllA] 3AIZE AA S
Bl oA Ak 240 °C) FA| & o]&3kGlon, A aA
=aAE A2t 912 A4S R AxsIGith Al &
A1) A2} AlFel] FHE A2 vkl EAIE BRI
aF7] 915to] XRD #2415 3o Fig. 30 TAl8hqlvt. Aeld/ea
S A T35 wi, 10 wit%, 15 wt%oll 4] 2-Theta”}
20~30°Q1 L] e|A] ghaoll o]t w| A7} E| Q] e, o= FX|7}
FAE eAE FAEUSS ERTE AEFe] 8 9AE 2-
Theta”} 28°, 47°, 56°, 69°, 76°°l1 4] 3| A7} A& = 0, o] =
(111), (220), (311), (400), (331)] A FZE vepdct. A2
o] S71EE A A0 AV Sk A vas A
gi&oz ehtst 743 a5 eIt

A 2eka ST 7 el Al ds AR 9
&l 25~1000 °Ce] &% F7kell A F7] 21718}l S8 % TGA
A1 Fig. 49 VFERAATH TGA ¥4 A3} 550~650 °C T-7Fol| A
FA4e FA &2o] BEE o, o)= A/ S5aA9]

A7 gzt o Welslo] tehhs Ao Azbech A2E

1 dle

100

80 4

60

Weight loss (%)

40 4

20 4

0 200 400 600 800 1000
Temperature (°C)
Fig. 4. TGA curves of Silicon/Carbon composites.
FF HI7F 5 wi%, 10 wi%, 15 wt%Ql &= 4] 9] 'ha g
91.09%, 88.96%, 79.15%5 H.31 oM, Ae&/ea 5544 2%

Aol J7He 29 2433t AR ahE UeRiglT. ol o

g 3 s a=4A AFE Al 800 °C 4%

Ae] sl Qe Ao = Azks]ed, 800°C o1 F

ol

7h= 24

Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018

=



564 o)5=3] -

(a) 1200
—a— Pitch - Charge
1000 - —a— Pitch - Discharge
o
i 800 -|
E
2 600
©
©
o
8 400 - :
i
200 -
0 T T T T T

0 5 10 15 20 25 30

Cycle number

(c) 1200
—&— Si/C 10 wt% - Charge

1000 —m— Si/C 10 wt% - Discharge
o
2
£ 800 -
<
E
g M
©
g L
© 400
(8]

200 -

0 T T T T T
0 5 10 15 20 25 30

Cycle number

o]Fth
(b) 1200
—a— Si/C 5 wt% - Charge
1000 - —a— Si/C 5 wt% - Discharge

o
= 800 -
<
E

600
-y
o
a N
o 400 4
(3} 1

200 -

0 T T T T T

0 5 10 15 20 25 30
Cycle number

(d) 1200
—&— Si/C 15 wt% - Charge
1000 4 —a— SilC 15 wt% - Discharge
o
= 800
<<
E
> 600
) |
©
S 40 ~
(8]
200
0 T T T T T
0 5 10 15 20 25 30

Cycle number

Fig. 5. Cycle performance of Silicon/Carbon composites (a) pitch, (b) 5 wt% silicon, (c) 10 wt% silicon and (d) 15 wt% silicon.

el Akae] S-S 4l Siowh WA Ev e 2
Z7he Azt

3.2. MEI_._/EI_H\_ SaARfo| M7|slE EM
A ZEA S22 A7)38H As-S Frkelr] 98 Alel
SRl Eﬂ*EE Agstgict. del/ets Faale] del
1€ 5 wt%, 10 wt%, 15 wt%ell w2 Z -1 54 0] Fig. 5914
[ERR=E el i *—?ﬂ]i »el a3} 240 °Co] ¥ X & AFL-3H
SR 27] $72 434 mAh/gelH, Ao F P89S 2%
15% SHg49 S 7HA = Aot A& dako] 5 wiv, 10 wi%,
wi%d o A Z/EA S5AAE 27]18% 453 mAh/g, 682
mAh/g, 969 mAh/gS Ho|n], 27] F 1 719 82k 8%, 81%,
82%= -8 A o] Ukttt glFol &1 9] T4 AP
3 Ato] 2ol A SEI %2] B4 07 F A Alo]Z5E Hgd &
WA GRS T ER 2 AL EHE 30 A E7AE 7| 0R A
o]F S eIt del/@a 554419 Ale] 2 A
*‘Elf’— HIE 5 wi%, 10 wi%, 15 wi%ellA] 747} 83%, 80%, 64%2
85 Hlvh A% A e vlEo] 15 wtsl B9 AlelF Qb
747301 53] Woldd& Halom, e ul&o] 10 wi% ©]5}e]
735 Ato]F qg Aol 80% oo FX1E-S F]lelith tE
Aol AA Al /e Bitade] 240 ukE A3 Al
Az & ATe] Aakel fraletAl Al 2Ao] AadrE Alolg
bgAdol WAE N om, Al o] 14.6 wi%s] B¢ vl =
PG ALo]F Qg AIE BOIFAITH17]. webA AEE 24

Korean Chem. Eng. Res., Vol. 56, No. 4, August, 2018

N

O] 15 wt%S1 73-¢- -] 3o 13k A2l YAk S v
ol 94-5/\174T?<1 F3jo] Alo| 3 QP o] WolAl= 210 % neltt
Al S=aA Al AL vkl @ gk 3ol e
Sl A ‘-‘di UxRe] =715 Alofsl] 18k 25 um o]t
2 /RE]‘;]‘_% (?:]E 7‘% o]—Oﬂ E.ﬁ]—/\]HE 6]—/\-] 0]_031:]_ Ng]_g_/E}-/k

BaAe] F 4 54 9 &% HAsE AeE g 24 5
A e A% Mol 2 QPgol ) FR HelE B 5 wisksh
10 woeel i) AL, YErA F, Ao 2k ST A

Q1 AtolF A A= Fig. 60l VFERISL
o A& ng 5 wt%2} 10 wi% S S54A2) Alo]F HAEE 2
7] &% 674, 751 mAh/g, 7] T84 7F &5 80, 78%, AlolE
Qg7 90%, 82%= LPEM%M PE2d sHA] & a9t
Hlwato] 7] 87 9F 100~200 mAh/ge] S78k30m, Ato] S
QP Bt sl —0—7}3‘& KT} Yao F[18]2] AellM= o

SF AP YAke] T 8 2] S8 7HA 357, Yoon
[19]2] Aol = Ao Ak Alo| =7t 2h&75 A4 ¥
slof] W 7|A17] & o] Fhasto] Alo]E /Aol FrtelthaL B
TE T} 0] AT E YAE 25 um oJ8tE 7] ZAsH= Ao]
Z7] S} Al QMg ell e ekl AyzhEih.

Fig. 7914 ©}F3t Crateol| A 9] €5 545 UeRY 1 gloH,
& g AE A WAL 0.1 CE A3} 4 A] C-rate= 0.1
C,02C,05C,1C,2C=E §3tr7]m Agsint. oju ]/
B SFaA Y Ae)Ee s AL ARsIit deE &
U] 7F 5 wi%e?! 7% 0.1 CoflA] 516 mAh/g, 0.2 CollA] 473 mAb/g,



A FHE AREE dEjEaa S50 d71318H] 54 565

(a) 1400
—a— §i/C 5 wt% - Charge

1200 + —=— SilC 5 wt% - Discharge
§ 1000
=
<
E 800
>
=
C 600 N
8 iRssSsssssssssassas P
© —-.
O 400 4

200

0 5 10 15 20 25 30

Cycle number

(b) 1400
1200 —a— Si/C 10 wt% - Charge
7 —a— Si/C 10 wt% - Discharge
= 1000
£
<
£ 800 A
>
F4
‘S 600 4 X:M&A-L-
S -
o oo anegpgpy
©
O 400 -
200
01— T T T T T T
] 5 10 15 20 25 30

Cycle number

Fig. 6. Cycle performance of Silicon/Carbon composites after sieving (Si<25 pm): (a) 5 wt% silicon and (b) 10 wt% silicon.
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