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Abstract — Graphite is used as a sample anode active material. However, since the maximum theoretical capacity is
limited to 372 mA h g'!, a new anode active material is required for the development of a high capacity lithium ion bat-
tery. The maximum theoretical capacity of Si is 4200 mA h g, which is higher than that of graphite. However, it is not
suitable for direct application to the anode active material because it has a volume expansion of 400%. In order to min-
imize the decrease of the discharge capacity due to the volume expansion, the Si was pulverized by the dry method to
reduce the mechanical stress and the volume change of the reaction phase, and the change of the volume was sup-
pressed by coating the carbon layers to the particle size controlled Si particles. And carbon fiber is grown like a thread
on the particle surface to control secondary volume expansion and improve electrical conductivity. The physical and
chemical properties of the materials were measured by XRD, SEM and TEM, and their electrochemical properties were
evaluated. In this study, we have investigated the synthesis method that can be used as anode active material by improv-
ing cycle characteristics of Si.

Key words: Lithium secondary battery, Anode material, Silicon, Pyrolytic carbon coating, Carbon nano fiber

*To whom correspondence should be addressed.

E-mail: nabk@chungbuk.ac.kr, ywrhee@cnu.ac.kr

fo] =2 TS 48w Ade 7]dstel FaHgisyth
This is an Open-Access amcle distributed under the terms of the Creative Com-
mons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-
nc/3.0) which permits unrestricted non-commercial use, distribution, and reproduc-
tion in any medium, provided the original work is properly cited.

901



902 HERE -
LA B

g Eol A= Tl A FL0] 3~4 VE w9 231 ol
T7F #3350 Wh L, FAI9 140 Wh kg 0.2 T} o] 31714
off Bl&f vlg- A Bl AR el A Qg 54S 2] ul
woll A7) AFEAHE A B oh et Fol g Fa7], R ER, S
g 5o Meow da) AR ek T3 1 AR X &4
o7 sy glom A AAF o AR R A% Frleh=
FAlel QATH1].

S A 185 2 woll XU o] M7} H QA FHell we}
ol A M E oF= FEA Z2 55 FEH st 452
o] Fash HGt 11 F S5 FEA A5E Ho|F Aks)
E<l LiCoO,, LiNiO,, LiMn,0,2] 7% §-%°] 27} 150 mA h g,
160 mA hg', 130 mA h g' 0.2 ¥3}5 0] Q& Aejo)n Mo
& AbstEAlo] AT et Jes TR AEZR 5 2B Als
7} AR E AL QA F3taL QITH2].

upeba] 2ol %2 45 S7HE Sl FAT £ 372 mA
hg!, #9983 837 mA h cc' 02X 1 g3o] AT =
AL AT 2L 10 STFEA S NdsHs o] F
] A71= 3L ek, A AFe] & 502 8ol
23} 7l o=y 183 e gk AlEe] ¢
T 547} o] E8AIE S5 S8t HelEod
7IMEo 2 = HeA) SEEA S o] 43t AT
AE7F 958 A=A s Adsta ook Aule] 4$
HA AR FolA] 7 3 o] 2494200 mA h g )T} w2
2104 V vs. Li* Li')yE 2t7] wjitol] 2RAo] 18- S=A

B2 A7 AEE A Qe S gk AP g B S
AT el Aelee] o] ue 43 A5 7
PE A o2 A A= 31 Qlk3).

542l 343 Hgh= 2l olo] dulad s
AJsh= 2ol s F2 8 Fujsgel] o8| Al 3
7} dojuA =i o] w) §rA o & A E = AR aA A
A (solid electrolyte interface, SEI) Bro|u} 1 7]% 0 7 whets K

ol
d

2 A REOAN o
ol e
il 4

L

o

(A
oo il o
=L ol

A

Hu

o, (L Kl

o
OE
i o

[0

L.
=1

off

2
¢
O-

I

W o

A

M, S0l oQt

3o] GHxlo] el g3l 710t 2ab7] upolTha)
2 QTN olefat Wele] PPl e AT A

3 A NS SFARE AL $I% 7S s,

[ ]

A

2-1. A|2 FH|

Fig. 1= A2|2o] 55 oAl EEAZ AMEH7|dl 71 & A
Ao AAA T Yl gF ol Hhe-g T35t F-3] Aol u}p
£ 495 veRg 2 ok gl 1o whE Sld Wk ® ¥ 7
B ' AE AAA 9 AEshE 3SR BoF
3L IeHs].

F FeY A A9 B S Bl A¥e] vks sk
79 <05 ume] BLE JEE Aot A TEe AR
H5-24] 7] (inductively coupled plasma spectrometer, ICP) (AGILENT
720 ICP-OES)E 53l A& 22] 15t 99.9%2 15131t

22, AE FX| Y Y

7h9ke] E AEHE f18) AL E e A
715 AASkaL AEHITE Aol 1500 mme] il W7
72 216 mm, Y72 7 72 100 mmE AASACE. 1E
yitell heto] 5 AX|ato] §iRke} 7ke] HE HAls bl
gtk k7] A2 Hu]= 40 Lo 1l 3 Hol| Aelal= Al89)
500 g 2 A27g SF3ATH6).

A sh= A5 ofo] Ao Ao}l RESEHA] ¢ 710 ko]
Yol A vl gg2o|u] AJ5.2] oFo] Wo izte] HARE5H5
o whE WhS7] §le Sl HlARS.Z 13| Al=e] Bl
O REg7]2] kel tgk 913/do] Ak wpeha] AH gk o] o
T 01|31 10]] W 7RA0] {7 o] Fofof ShrH 7).

ARz 7 B S HAAsk] Hal wkgT]el Al obd

o)
=

z [

olo M

F-|~ E(‘?_‘l'
NN ox

o

o2 1 o
ol
S

rlo

[Problem]

[Volume expansion]

‘ . Q,.‘,: N
‘ - ‘ " Wee

‘ 4 zt“f.,‘.".
. -

et

L4

[ Crack]

([Improvement]

e~

PC coating

A

CNF growth

HRIER)

Fig. 1. Schematic diagram of problem and improvement of Si anode material.
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Fig. 2. Rotary kiln reactor.
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Fig. 3. PC coating and CNF growth process diagram.
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Fig. 4. PC coated Si for TEM analysis: thickness measurement with
(a) 5 nm scale, (b) 10 nm scale, (c) 20 nm scale.
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Fig. 5. Charge and discharge voltage profile of PC coated Si.



SAAENEINE o] 88 2lFol A E Si/C/ONF 58840 Az U 1713lehs 54 A} 905

4000 1 @ @ 100 4 (® e © ©¢ © ¢ © © o ©
_I'OD T A x —_ i [ J

80
S 3000 - 2 292994 2 | = ]
g l & 60
2000 - 8 1
g ] 2 40
2 @ '
& 1000 - A
© | ® Charge 20 |
0 A Discharge 0

0 2 4 6 8 10 0 2 4 6 8 10

Cycle number Cycle number

Fig. 6. Charge and discharge characteristics of PC coated Si up to 10 cycles: (a) capacity, (b) efficiency.

Table 1. Comparison of anode electrode properties for particle size controlled Si and coated Si and commercial SiO

Bare Si PC coated Si Carbon coated SiO
Initial charge capacity (mA h g'!) 3393 4027 1595
Initial discharge capacity (mA h g™ 3043 3473 1071
Initial coulombic efficiency (%) 89.7 86.2 67.1
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Fig. 7. SEM images of CNF: (a) 5 pm scale, (b) 1 pm scale, (c) 500 nm scale, (d) 500 nm scale after 6% hydrochloric acid treatment.
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Fig. 8. TEM-EDS analysis: (a) TEM image of Fe catalyst, (b) EDS mapping of Fe catalyst, (¢) TEM image for acid treatment, (d) EDS map-

ping for acid treatment.
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Fig. 9. Component analysis of Si/C/CNF material after removal of
Fe with acid treatment.
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Fig. 10. Evaluation of reversible capacity of Si with CNF growth: (a)
CNF 78 wt% growth, (b) CNF 100 wt% growth, (¢) CNF
140 wt% growth.
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Table 2. Charging and discharging voltage profile of Si/C/CNF
Si/C/CNF 100 wt%

Initial charge capacity (mA h g™ 2731
Initial discharge capacity (mA h g!) 2112
Initial coulombic efficiency (%) 713
10th cycle life (%) 85.8
3000
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Fig. 11. Charge and discharge characteristics of CNF 100 wt% up to
10 cycles: (a) capacity, (b) efficiency.
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