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Effect of Silicon Anode Additives on Lithium lon Batteries

FENG Ming-Yan, TIAN Jian-Huan, LIU Yuan-Yuan, SHAN Zhong-Qiang

(School of Chemical Engineering and Technology, Tianjin University, Tianjin 300072, China)

Abstract: Silicon anode of lithium ion batteries was fabricated with different binders and conductive additives
(acetylene black, SuperP, VulcanXC-72, BP2000), and the electrochemical performance was investigated in detail. The
effect of morphology and addition amount of conductive additives on the electrochemical performance of silicon elec-
trode were investigated. Then, the appropriate type and content of binder in the silicon electrode was optimized. The
morphology of silicon electrodes were characterized by scanning electron microscope(SEM). Electrochemical per-
formances of the silicon electrodes were measured by constant current charge-discharge and cyclic voltammetry(CV).
The results shows that SuperP has good electrical conductivity, a suitable surface area of 75.8 m*/g and average particle
size of 39.24 nm, which can improve cycling performance and rate performance of the silicon electrode. With 15wt%
SuperP and 15wt% CMC, the electrode exhibits a reversible capacity of 1143.8 mAh/gafter 50 cycles.

Key words: lithium ion batteries; silicon anode; conductive additives; binders
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Hu VDU ZRE TR, G T K B AR s R Ak
BRESEERIN Si@SI0WC 4k B Ak, MGG
PR L 28 5 TA 1100 mAh/g, fEFR 60 G LA B
k. Hwa 251D PVA W Bd, it 750°C i m Ak
RN e SR A K I/ A MR, /E 100 mA/g
&, Ll itb A &4 1800 mAh/g. UL4h,
Zhu 25PSR A SRR T A E S MR, 7E
200 mA/g FULE L TR 80 G, AEARKFLE
1335 mAh/g. FIRWFFUR LG 2 & 450 S 2%
R NN A S G A O E i - U e R = 2
LIS PR, SR BT I ()5 FL P38 B AT e
BT EHE 15wt% L b, 10 FL A6 T4 i ik 47 b
M REAR A EEVE A . Lin VORI T Rk SRR ~F
HRHEAERZECR, Y FHEAESEN 30wt%,
FERIURL RT3 pm (I HLRRAEER 50 IR5, AR IREF
HAE 96% LA o Ding 25 Ak T R B ) ol
FCB &1, M4 40wt% CB HLHZ 1 H Ak 22 PEREAR
T 10wt% CB i1,

JRUE N AR 5 H A I A T 2 R,
XA 2R S A I S AR D, fEIERE S
TR A3 A e 2D o B (P A 1 i 3 AE R A I (1) AT B
BT, T IR 6 Py 250 Fg el FL AT e WA A A MR RE 1Y
ik AR AR R B2, A TAFE+E AB. SuperP. Volcan-
XC72 F1 BP2000 PUFP T L, 18 ik 2545 1 e PEAL AN
HUEL A BT o2 5 ek DG fe 4 10 SR8 . AR 4%
T R B 7 P b S B B o e e AR Ak 2 T B 1R 5
AT T W

1 LWHZE

1.1 HBERE&E

KAk Si #3(99.9%, 4R MMAE G M kL RHE
BELZA w1 )« Rt AR HL A 4 B B LG 70:15:15 (1) LL A
PR, S HE OB AB(DENKA). BP2000
(32 Cabot 4 7])s VulcanXC-72(3%H Cabot 24 7))
A1 SuperP(Jii -+ Timical 23 H]), K& 750 ok F H 2
212t ZZ B (CMO) I EE TR BN (AS)~ 2R i 9 £ I (PVDF)
IR DU L5 (PTFE 60%FLiR) o F 1R 2535 5 ok A

JEE 38 B A 2RORE R TR 7 B 9 b N SR AR
HEE 60°C FUE 12 h A4, THJE M HEKE 9 MPa
RS SR A
1.2 YA K B FE M EENK

W bR E R bk g14 mm (8 [ A AR IE A, DA
1mol/L LiPE¢/EC: DMC(V: V=1: 1)(KiH: 44 ikt
B BRA W) A AR, 4B (99.9%, Rt s
W) EXT LA, 2L NI Celgard 2000(3% [
Celgard 2> F)/ERGIE, 1€ Ar fR47 10 T4 (F 5T K2
1T ) A %E 2032 FnA it . FEIHAE 0.01~1.5 V
2 Ta) LA HL 5 1 ok 400 mA/g(FC Rk 6 B Y TE 97T 78
HLOE BN, I BAAS ) H 9 1 A7 5 28 70 T80 F A A (I
LAND-CT2001A); 7E H 5 [l o8 0.01~1.5 V(vs
Li/Li"), BL 0.1 mV/s BEATAEHR 2208 (CHI660A,
g REABRA ).
1.3 B RFA

K 3 S5 4 H 1 2 3B (SEM, S4800, H
A H LA AR AL A [\ S H 7 A AR 1B
o KL BUUBET, ASAP/2020, USA)K il
W AR EE R TR . K iRy . K& 5f PVDF M
SRR B 70:15:15 (I ELBIRR R IR A TE R
RISkl G, HE JImE R4 %1 PET K L,
JET 00 K 5 T8 S0 () B, AR RTS-8 24 PU4R
BRSO MDY B AR A BRA &) 05 HL A
F, L %6 R Ha A% FEL BEL 3 4R 1 38 47 AR

2 HR5WE

2.1 ARSBEFIBIIBEFE

K H 2.4k B (AB). SuperP. VulcanXC-72 FI
BP2000 PUM ik 6 0 fit 0 A (1) F FRL 7, @it BET.
Nano measurer 2 f & RTS-8 4 PUFRE MR AR, 4
b S e 0 A HE TR L S SA R R~ R B,
1R, WK 1 ATLUEH, SuperP HA R H
FEL%, 1M VulcanXC-72 Fil BP2000 ik ) ~F /1, b3
TR Ak, H. FEL B A X 45 e o

PL 15wt% 2 AL 4R 4 22 81 (CMC) R & 77,
KAl SRS A BHZ TR T 70:15:15 WA

R1 FARESHBEFMILRER. FHFRRT. BEFFMBREHEEK
Table 1 Surface area, average particle size, electrical conductivity of different conductive additives and electrical resistivity
of electrodes with different conductive additives

Samples AB SuperP VulcanXC-72 BP2000
N, BET surface area /(m*g™") 54.55 75.80 212.30 890.60
Average particle size /nm 37.61 39.24 18.96 18.26
Electrical resistivity /(Q'cm) 0.3995 0.2802 0.8620 0.7336
Electrical resistivity of silicon electrodes /(Q'cm) 2.0303 1.7726 5.5808 5.3292
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245, Bl 1(a)5 1(b)" ) AB 55 SuperP Fi 1 RE%
50 oy BOAERERL T R L, B ST B, 1 1(c)
Hi(d)H i) ik 7s BP2000 5 VuleanXC-72 i1~ H L]
WA, BRI 1S 4,

22 EEEIRATELEFEERE

B2 2R DUFRAS (] S H A il 5 FR e M () 1

IR B, B iR th8e 2 5 RO Rl 45 2R o
AFLLE L, R AN S H 00 R ek r A A1 AR 22 il 28
(1) AR A DR U TR (T P L UL LT, DA B D (1) TSR
WHZSF. UL AB Fl SuperP 4 S HIAIAIRER R, JL
TG 2R (P e F v AR, FLOH 2 51 BL BP2000 FlI
VulcanXC-72 k5 HL A Rk BNz, 1 HL P GHE AL IE SR
UG Wb, JC 2 SuperP 4 5 HL A A RE HL AR A T
0.18~0.51 V4 AbI4 JU I PRy I ] FEL A R (T RO 5
AT 3 F AR P A B S A, U I S RS R &
P FOPE RE LAk, AT I8 14 Ak P WM e R A A 7 (1)
&= apULT i

P 3 g AN [) 5 HL 00 P Ak PR ARG 2 R T T R £
PEAPERERfE R BE . B 3(a) T UG H, T XK
HEHZAE 0.1 V A4 B —AFHEKEET 4,
X A Si 548 Li NV LIRS Li,Si
ki, wkmmthgt, /£ 04 vV AL HEIFG
NG, %I YT LiSi R A i H R 2
BTG R R 28 3 L ABL SuperP.

VulcanXC-72 FI BP2000 -5 HFFI AL HO B 25 VK 78 Ha
FL 285003 4 2950.2.2971.3.2382.4 Fil 2608.6 mAh/g,
HERERTCRS NN 77.3% 80.5% 69.5%F
72.4% 0 5% IR PEAS A 32 DR 22 WA R 1
fi] A FEL i T (SED) B (19 B i DA B L T (R A8 Ak o Ak LAY
Paey & U il S A ! QD G A VA LA X & 3
FEAERGL, XA ERIN SET AL ZE AW gl i A Fn
Az Rt R e, DA ) EE Y 1) A R R AP
Aeo WIS sk 7 5 R T R H AR FL S5 R
BN} VAR ST D P St S o 75 [ Al 1 R !
BN S, H B T2E# SEI Bul il SR iR, FasE
WG R), AT FEAR AT DA Ry IXJE LA SuperP 24
S R A A R R L At = S i R B A A v 1 B
1R S A

M 30y T LA, FEFAR AR AR 50 IRZ
J&i, LA SuperP Jy 5 HL R fef AR LA R X e v 1 T
W72 5 1143.8 mAh/g; [ SuperP FLAR 1) EAE B0%
A 5] 92.8%, 1ML AB. VulcanXC-72 1 BP2000
h 5 R R HLAR 23 A 88.9% - 72.6%F11 81.4%.
PL SuperP 24 T L IEE AR 5 IRAEIA G, W s
FasE SEI I, HFEACBURIEARIREFE 95% 4. |
BEE K LL SuperP S 3 HL R R AR LA B 4
() 78 TR PR E

Kl 3(c) s AN IR S FL A (R feE rE AR A5 R P
7£ 100 mA/g FIR R T 10 IXMEHA S, LA SuperP 4
SR RE R A AR TR O 2596.5 mAh/g, ATER

1 SIS [ HURIR RE AR (1) SEM TR, 45 7704 15wt% CMC
Fig. 1 SEM images of silicon electrodes containing 15wt% binder CMC with different conductive additives
(a) Acetylene black; (b) SuperP; (c) BP2000; (d) VulcanXC-72
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Fig. 2 Cyclic voltammogram curves of silicon electrodes
containing 15wt% binder CMC with different conductive addi-
tives at potential scanning rate of 0.1 mV/s
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Fig. 3  First charge-discharge curves (a), cycling performance at
200 mA/g (b) and rate performance (c) of silicon electrodes con-
taining 15wt% binder CMC with different conductive additives
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Fig. 4 Cycling performance of silicon electrodes containing
15wt% binder CMC with different contents of SuperP
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Fig. 5 Influence of binder on the cycle performance of silicon electrodes containing 15wt% conductive SuperP

(a) Different binders, (b) Different CMC content

Bl 6 ANFRDR: & U 4 O RE AR EA 10 R 9 SEM R, SRS 15wt% SuperP
Fig. 6 SEM images of silicon electrodes containing 15wt% conductive SuperP with different binders after 10 cycles
(a) AS; (b) CMC; (c) PVDF; (d) PTFE
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