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Preparation and Electrochemical Property of Silicon—carbon Composite
Films used as Anode for Lithium—-ion Batteries
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(School of Mechanical and Automotive Engineering, Guangxi University of Science and Technology,

Liuzhou 545616, China)

Abstract : Silicon carbon composite (Si/C) films with different silicon and carbon contents were deposi-
ted on copper foil by magnetron sputtering and used as cathode materials for lithium—ion batteries. The
electrochemical properties of silicon carbon content ratios of 1.26, 0.72, 0.52, 0.45 and 0. 39 were ex-
plored. The experimental results show that when the silicon content is high and the carbon content is low
(Si/C=1.26), the first discharge specific capacity is the highest (3 089.50 mAh - g™'), but the ca-
pacity retention rate after multiple cycles is the lowest (46.83% ). When the carbon content is high and
the silicon content is low (Si/C=0.39), its discharge specific capacity is relatively stable, but its dis-
charge specific capacity is the lowest. When the silicon carbon content ratio is close to 0.5 (Si/C =
0.52), its rate capability is the best and the capacity retention rate after multiple cycles is the highest
(61.73% ). In addition, the three cycles of CV curves of this sample are almost consistent, indicating

that it has good cyclic stability, at the same time, it has a low internal resistance (5.98 (}).
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Fig. 1 The surface (a), cross section SEM images (b) and

EDS spectrum (¢) of the silicon—carbon composite film
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Fig. 3 EDS spectra of composite films obtained under different
sputtering conditions (a) Samplel; (b) Sample 2; (¢) Sam-
ple 3; (d) Sample 4; (e) Sample 5
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Table2 The silicon and carbon content of composite films
g SR/ w% e/ /we RERR SR G
Samplel 6.69 5.32 1.26
Sample2 6.53 9.04 0.72
Sample3 4.99 12.65 0.39
Sample4 5.72 12.59 0.45
Sample5 6.82 13.07 0.52

2.2 EEHEEMBELFEEE
kTR AR A T R A B H R b e
REAYFZ MR, K L 3 TSR i 4206 12 v b S 7 0. 2
A g THIBR BN 0.05 ~3 V AELAL R BET IS
HIAGER, 45 SR 4 F3 3 iR, HbE 4 hEA
RS — P TR AR R £k, 26 3 Sy P A ik A
FL 2SR APEAR KXo e A )k L 0 5 s ) AN [
B #OLIG Bt ) 556 A B A AR TR) Bl 55 S 110 7 T3 HL
LT T I (El 4(a, b, e)), Samplel 2.5 BIH
B EAR 3 91 R 87.00% 89. 94% F1191.74% , i
A TR P B 1A, JHL e B T R AR AL
SRORWIRE NN, 3 B TRl 5 2 A T vl 5 2 1) 4
T, EEL AR A S L P 8 5 T R 3 R v T AR 4

[N @ 3 (N ER 1 S Bt é 5 L NN T R JE = (0
A FTHEIN . XoF LA [ e 08 e S 1) S RIS [ Ak L
SF RSt TR 5 21 A0 EL A A [k 55 A %) 7 i rlL T 28
(El4(c, d, e)) ATLAL IR, M 52 & I ik & i
XTI, B R R AR ROR AW (IR, Sample 3 4.5 (YT
P JZEAS R R 43 51 M 96. 17% .93. 61% H1 91. 74% .,
XV R F B 52 A IS v ke R A B T, ST AR
I B Sk A I B B £, DA )
HRRE 1) Li-Si A 4 ER 3, P S 38O AT 3 2%
WK, 7Ah, B2 AR T S RE RN, W2 i A
A AR B SR, T 5 FRL ARG 1 7T 3 PR R ALK

T 4 AT DR B AR SRS 1 R e
HCYELR(EM 2.5 VEEZE 1.8 V A4, i 2 5
JEARMBUER Y EEMN 1.8 VIER 0.5 VAL
B B, ARGE TR T A A,
Li, Si, B FEHL R} 0.9 V, Liy, Si, FBRIS L2 i
954.30 mAh - ¢, ARSI P E R ZE 0.9 V
I, 2582/ T 954. 30 mAh - g7 BT DL, iZ B T
HES - Sk SOW IR R Li-Si B4 T Si f Liy, Si,
ZI, M 2 0.5 V LUR I, i b &
HE—25 BT B0, LR PR AR T 0 e R S Rl P
T 5rERMNIE M T Li,Si Li,Si, Al Li, Sis & B A 5
RIS AR Li-Si &4t B 5mIE K Li-C 1k
G ARG A T R R A R BT
G, 65 2 R 3 Bl th e, IR R 3 I e 1)
B AR RIS A P, RELET- & B A FLE
AN N

@30

0 500 1000 1500 2000 2500 3000 0 500 1000 1500 2000 2500 3000
CapacityfmAhg! CapacifmAhg’

0 500 1000 1500 2000 2500 3000

0 500 1000 1500 2000
CapacrtyimAhg’

CapacityfmAhg’



276 RERPRL S A8 F 224

28 &

©39
25

Ez‘o

3

;.6 1.5

10F

(]

——

00 _
0 500 1000 1500 2000 2500 3000

CapacitmAhg”
K4 Si/CEGWBEMFEH B ML (a) Samplel; (b)
Sample 2; (¢) Sample 3; (d) Sample 4; (e) Sample 5
Fig. 4 Charge and discharge curves of Si/C composite films
(a) Samplel; (b) Sample 2; (¢) Sample 3; (d) Sample 4;
(e) Sample 5
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Table3 First charge and discharge capacity and coulomb ef-
ficiency of Si/C films

o Hﬂil%lﬁﬁz%klzil fi%l}’ﬁ@tl:?l E?f’a%z

HH/mAh - g7 AfE/mAh - g /%
Samplel 3 089.50 2 687. 60 87.00
Sample2 3073.50 2 764.40 89.94
Sample3 1983.10 1 907.20 96. 17
Sampled 2 637.80 2 469.20 93.61
Sample5 2 981.20 2 734.90 91.74
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Fig. 6 Cycle and rate performance of Si/C composite films: (a)
Discharge specific capacity curves with 50 cycles at 0.2 A -
g”'s (b) Rate performance; (c¢) Discharge specific capacity
curves with 150 cycles at 1 A + g”'
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Table4 The discharge specific capacitance of 150 cycles at
a current density of 1 A - g™ after 50 cycles at a current density

of 0.2 A-g"

o Hﬂé%lﬁﬁzﬁﬂuz_l iso FEIJ‘?J(EELK_I HEREF
Zi/mAh - g7 AE/mAh - g /%
Samplel 1 669. 50 781.80 46.83
Sample2 2 376.90 1 276.70 53.71
Sample3 1 464.80 808. 10 55.17
Sampled 1 678.80 936. 50 55.78
SampleS 2225.30 1373.70 61.73
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Fig. 7 EIS spectra of five samples
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Table5 The value of the internal resistance and charge

transfer impedance of Si/C films

e TR WEH(Rs)/Q AT AEBI(R, ) /Q
Samplel 13.04 295.40
Sample2 9.50 240. 08
Sample3 8.96 142.92
Sample4 6.84 189. 87
Sample5 5.98 227.67
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