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Abdtract: This work investigated the effects of different conductive agents on the electrochemical properties of anodes.
SiOx possesses high theoretical capacity and shows excellent cycle performance; however, the low initiad coulombic
efficiency and poor electrical conductivity limit its applications in real batteries. In this study, electrodes were fabricated
using two different conductive agents, and the resulting physicad and electrochemical properties were analyzed. SEM
observations confirmed the formation of a CNT conductive network throughout the electrodes, while the electrica
conductivity contributed to the electrode was confirmed by impedance measurements. Thus, the electrode fabricated with
the CNT conductive agent showed greater capacity and superior cycle performance than did the electrode fabricated using

the DB conductive agent.
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XRD. SEM 5& 7sl9on, 29 B wE M
S AAstel A1 WIS AAlste] 2lFolAA

=
A IMZAY S4e RAICH

2. AF 4y
2.1 SiOx nanoparticle M=

SiOx Uk UAX= S w88 I1AAMX|o)|A] ety

2.2 SiOx M39| OjMTE BM

=dre] F55 thad] sl MAR Siox A3 AY
Z9] ARZFARE FA5] Yot XA - #A(X-ray
diffraction, XRD, D/teX Ultra 250 by Rigaku Corp.)
2 mystAct Eat A3 PHSHE =AR Ante ¥
B % BES BN stol B WEY FARAR
0]73(field emission scanning electron microscope,
SU 8230, Hitachi High Technologies Corp.) 242

=AM FRE D Soxe] Arlsket =4
1=3
E=)

B7talr] glatol el

Bt AT &4 Siox
nanoparticlesg AR5, A2 = G7tE3H(denka

black)y} &&AUwxEH(carbon nanotube, CNT) %=

RS A8 H9Y =AM CNTY 944
AR B4 TR dsiAE, €Y JtA dee

EAishs CNTE Agst 02 F2|sto] e Y

At JEIE TtE= Zlo] Zastth 2 Ao+
CNT =AAl= LGEtstolA Alee &ufjof] B4At= o] QL
+ ONT R4S AbEsto] A=35 AN vielY
= S71AuRIEel PAI (polyamide-imide)o]] NMP
(N-methyl pyrrolidone)2 A& & zxAsiy =4}
AR A oEeId e FFH|E 60:20:208 sto] A=2
AArsEATH AAtE A2 110°C 204 &uls 9
TAIZl 2, PAL BRQIGO] Hohghg-3 9Jsto] of=

(Ar) 29171 R ZolA 400°C, 1417 Axla] e
Maystch. x| AUL ol2E(Ar) £9l7] Fzuul
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A OtofA 22]gk @ XMsfjel[1 M LiPFs in EC:EMC =
3:7 (v/v) with 5% FEC|S A}gsto] M|AHE]gict. A
A Ao Mrletetd E4 WIS 9ste] Ao]2
24 ]/\E AmEAS x]ags]-oﬂq AAr=] Ao A
Ato]Z22 0.21 A/g, 4 Ato]22 1.05 A/g=
o ZIogstein. oj) Ae Wl A AIZL 0.005-
1.5 V, 34 Ao]2-2 0.005~1.0 Vo] Hejo|A xlays}
A}, 24 EH 1.1.47]-5 %ol—]» A oF H—]f]oﬂ;q 0.42
A/gREl 21 A/gtAl A £ 2elstol MYsia
t. AduEA AJFS ZIVE LAB (Won A Tech)Z At
23te] 100 KHz ~ 0.001 Hz # ol AA|sHeict.
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3.1 SiOx =29 EM BEAM

A

M
A3 A4 A Siox 9 ST £HAY RS
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of UehjQict. =& XRD mj&2 15~3070] ZAl &gt
st W "AA Sioxo sigste mas nddstu
At EE6 a3 1(b)olA= AMAIsHA HEE 4 ¢
(€Y
E]
8
=
2 (220)
2 (400)
= (331)
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20(2)
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Intensity(a.u.)
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20()

Fig. 1. X-ray diffraction (XRD) patterns of (a) SiOx nanoparticles
and (b) SOx with conductive agents.
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Fig. 2. SEM images of (a) SiOx nanoparticles, (b) SIOx with
denka black (DB), and (c) SiOx with carbon nanotubes (CNT).
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Fig. 3. Charge-discharge profiles and corresponding dQ/dV plots
of SiOx with DB or CNT conductive agents at (a), (b) 1% and
"™ cycles (0.21 Alg charge).
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Fig. 4. (8) Cycle performance and (b) coulombic efficiency of
SiOx with DB or CNT conductive agents.
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(b)

Fig. 5. (@ Schematic representation of changes in DB loaded anodes
and (b) schematic representation of changes in CNT loaded anodes.
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Fig. 6. Charge-discharge profiles of SiOx with (@) DB (b) CNT
conductive agents at various current densities, and (c) rate
capability of SiOx with DB or CNT conductive agents.
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Fig. 7. (&) Electrochemical impedance spectroscopy (EIS) of iOx
with DB and CNT conductive agents and (b) equivalent circuits
used ti fit the impedance data.

Table 1. Electrical resistivities of two kinds of conductive agents
and the corresponding composite cathodes (102 Q).

Resistivity
AB 8.9
CNTs 3.5
AB/LiC0o0O, 5,500
CNTHLiCoO, 375

Table 2. Electrical resistivities of two kinds of conductive agents
and the corresponding composite SiOx.

Resistivity

DB/SiOx 201.2

CNT/SiOx 12.4
= 22 FHo¥E o A7 AFES Uepd ®o]
o BERE Z7to] AR 22 EAY oo &
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plots)& o] &g By elo] 2™ 7(b)o] et = 5
712|285 o]&sto] Ast ols AY mWEBuE +E &
AR A4EE Hsh o]y MWL B 20 FskA
of. Al4tEl Mot ols A&t FAl of 174 Fw=o] of
< SE
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