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Electrochemical Impedance Spectroscopic Studies of
the First Lithiation of Si/C Composite Electrode
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Abstract The Si/C composite materials were prepared by ball milling method, and characterized by X-ray
diffraction (XRD) and scanning electron microscopy (SEM). The result displayed that Si in the Si/C com-
posite materials still maintained a good crystal structure and uniformly dispersed in carbon black matrix. The
first discharge capacity was 3393 mAh/g, and 4 cycles later still retained 1000 mAh/g, showing better
charge-discharge cycle performance. Electrochemical impedance spectroscopy test indicated that there ap-
peared three semicircles respectively representing the impedance of contact problems, solid electrolyte in-
terface film (SEI film), charge transfer and phase transformation in the first lithiation, and their evolutive
principles were also investigated.

Keywords lithium ion battery; silicon anode; electrochemical impedance spectroscopy; SEI film; phase
transformation

LS At A B Rt 2 S DAy s SR R Dy MR A D) TR A KAG a2 4] SE R H
ik, R4 s EIS LA RAUL 372 mAb/g, fREEH TG AT S S Al
RGP A, i LR 7 AR e RN B AR FEPRLEAT ik 4200 mAh/g RIS LEAc i, kA
“HTE” BLE S R ke R, s REsh ) B T s PR LU 10 A%, M0 HLAE R B s S 0% i T A0 58,

* E-mail: zhuangquanchao@126.com; Tel.: 13605215324
Received May 28, 2011; revised July 25, 2011; accepted August 15, 2011.
Hh R R IE AR 45 2% L T %5 43 (Nos. 2010LKHX03, 2010QNB04, 2010QNB05)  H Tl K 22 A1 2 8 1Rl (No. ON090237)FIYT IR 44 1w AL
AR R (No. CX10B_1532)% BhIi H.



2642 A

i Vol. 69, 2011

7 78 FI AE LS R AT EE IS, HATBF e Atk
e, MEAh, et R R TR —, K2,
s e, DRI 7 25 bR R SUBRRL b, Ak DL R )
A FATR s 7 5 A Sk 2 AR S SRR A ) (1 AR (0 1B A4
kBl M R AR AR i R T, PR R SR T
GES 44 NMRIE T35 LinSis &40, MEHIATAR L
L3 300% LA EP, 78 HUAR Py A ORI LAY, 7, 3%
— 75 10 2 3 S FRAS I A BRI L R A A AR TS PR )
JE BRI TR T, S5 B AR e R 5 4
T2 R 1) R AT LB R Ak 53— 77 1 B 3 e
AR 3 T [ A P A JBAH S T IR(SET R Al 2R, (e Bk e
HH (R JURE SR TH AN W JE OB (1) SET i, 535070 i ri e
BRAIG, 2B e sk .

STy R RIS RN O 11 B G SRR Y Mg ¥ T AT
B NI AR R 1T SO VAR L Kk, ORIEA
BHRURL R4 1) e e fid . HUBREE fid 2 A A B AL 2
PEREM T E VLR, BERMRB R, TR, A
BN/, o AP R IR A SR, PRI
FHE A 23 #5546 ke B R A AR, TR 1)
DA R RO AR . A SR P BRBSVA 4% T 9RO
Si/C E45KEL i XRD, SEM FME 7 78 5 A il %)
SIC EEMELNE . TR PEREIEAT T RALE,
Jig ik 2= BRBTRE(EISYIF L T SI/C A kAR )
YRR, TSR T S1/C FBRAE T U B I R
Pefh FBH . SET BREARBH . Fefar AL B . AHAR FEBH B
PR AL FO AT (R AR AR, BRAS T SI/C HUAR AR 18 iR B
Tt Hp Ak 2% BTG R HE AR A R A

1 SKIEFERSY

SIC EAMEHGHI&: Bk LI Rl bR
RIEA PR AR SR Bk G 8 L 2 BRI Y
ANEFEAER(1 & 15, by mass) 2 & T ANFANERBERED, (7]
ERERES (38N 450 r/min, BRESJEICN 30 min). BREE 24
h &, A2yRH Si/C ZEMEL SI/C BE M EHE XRD
WAALEH] D/MAX-3B 2! X 2657 30 B (H A rigaku
AN, MRS O HIEE, Ka B4R, FIREE N 10
()emin "', FIHVEEH 20°~80°, TAEHE 40 kv, TA4E
HLIR 100 mA. HAOUW B3R A Hitachi S2150 24 147
RTAT TR =

Si/C HBE MW IE 40%1) Si/C &KL 30%1H)
IR B (L AZAZ BEEAT TR 2 W) ) AT 30% 16 58 i . & I
(PVDF, Kynar FLEX LBG, Elf-ctochem, USA)H /i &
S Hed . HEWEh 1 mol/L LiPFe-EC(HE % 2 5 Tg):
DMC(BEIR — R (AREL A 10 1, SRS UE R 22 154k

TH L A,

FBOEVERENNA R 2032 ki, 4@
xR, 7E 2XZ-2B HL R I 2R S8 IR A
A ad) FoER, RBBEARA 0.1 C, ABHEHEILAH R
1.5~0.01 V. EIS MR A H = riaR 3o v figith ¢4
R, ERHLRAE RS LR B) Ak, E AL TAES,
(CHI660C, _Fifg e X # A PR A F]) E5E k. EIS A4
LY 10°~107% Hz, MEINMACHAE SIRIEN 5 mV.
FEL BB A PR P 503300 3o P A7 B R PR VS BR, AEREAT
FELPTIAHT, FRARAER A AP 1 he R IR TS
H AL 2E BT ] Zview BCPFEELTRRALL

2 HRMITIR

2.1 Si/IC E&MHHIIEEMFNR S FRAE

Bl 1A il 45 1 S1/C A EHE XRD Bk, K
A LAE Y, 7E 28.7°, 47.5°, 56.3°, 69.3°, 76.5°4b 43 il L H
ERERI(111), (220), (311), (400), (33 1)k AHR; N IS
AEATET U, i U AR A A8, U &2 & ARk rp
PRI FEAE AP SRS M. 50 ANE B A e R BB 1)
TS, Wi HIEREE R P AR B SiC 2% I R DD

(111)

(220)

(311
(400)
(331)

Intensity/a.u.

|

‘ ‘ 1 ‘ 1 ‘

1 1 1
20 30 40 50 60 70 80
20/(°)

B 1 SiC ZakEH XRD K
Figure 1 XRD patterns of Si/C composite
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Figure 2 SEM photos of (a) Si powder and (b) Si/C composite
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Figure 3 Charge and discharge profiles offor Si/C composite
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