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Lithiation/De-lithiation Electrochemical Properties of
Polyaniline-Coated Silicon Nanoparticles

YANG Yu-Lin' GAO Ming' LIANG Jing-Shuang' DONG Xing-Long™' CAO Guo-Zhong'?
('Key Laboratory of Materials Modification by Laser, Ion, and Electron Beams,
School of Materials Science and Engineering, Dalian 116024, China)
(*Department of Materials Science and Engineering, University of Washington, WA 98195, USA)

Abstract: Silicon nanoparticles (Si NPs) have been prepared by DC arc-discharge plasma, which were pretreated
by 4-aminobenzoic acid (ABA) and further in situ coated by the conductive polyaniline (PANi) on its surface, thus
the core/shell type polyaniline-silicon nanoparticles (PANi-Si NPs) composite was fabricated. Analysis results by
means of Fourier transform infrared spectroscopy (FTIR), differential scanning calorimetry (DSC), transmission
electron microscopy (TEM) and X-ray diffraction (XRD) indicate that ABA and Si NPs are connected by chemical
bonds, and the aniline (ANi) group has been grafted onto the surface of Si NPs. The content of PANi in the
composite particles is about 62%. As an anode material for Li-ion batteries, the existence of PANi coating layer
can greatly improve the cycle stability of Si NPs-containing electrode. About 92.5% of the initial capacity can be
maintained after 100 cycles at current density of 100 mA -g™. The incorporation of PANi can make the active Si
NPs surrounded by the conformal conductive coating, not only providing good electrical connection to Si NPs, but
also accommodating huge volume change of silicon during the charge-discharge process to greatly enhance its

cycling performance.
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Fig.1 (a) Mechanism of ABA modification and in situ polymerization on the surface of Si NPs;

(b) Schematic for the surface modification and coating on Si NPs
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CPE AW ZHZA W AR T Lits FERMR Y
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Fig.8 EIS spectroscopy of PANi-Si NPs and Si NPs

electrodes, before and after 3 cycles
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Table 1 Electrochemical impedance parameters of Si NPs, PANi-Si NPs electrodes, before and after 3 cycles

Sample R./Q R./Q o,/ (Q-em?s™)
Si NPs before 3 cycles 4.58 392.90 226.00
Si NPs after 3 cycles 5.94 88.06 147.69
PANi-Si NPs before 3 cycles 4.33 100.40 205.10
PANi-Si NPs after 3 cycles 2.23 71.90 96.45
i1 H Pk , RS TR ERE [9] Kim H, Seo M, Park M H, et al. Angew. Chem. Int. Ed.,
2010,49(12):2146-2149
3 & it

FI T 52 ks PANG 1 Si NPs 3 i 1k 2%
Y QR M e — , JE I PANI A28 Si NPs
PN A%/ FE LR R Si NPs 20 BU7E 5 L PANG JE
LA 2% ph S SRR A 50 5 2 B T AR
BT A Y FL A A R RE L T R TR B R
BIARG Si AN KR Ry B ORL | RLAR 7E 20~30
nm Y& PANi #9400 3 3 PR 0% A 2 Si NPs 36 AR
FRAE, VE A8 SOk i b R) i 72 ABA 1B M Si NPs
MIVE R ARG AR SR, 25 T PANI 1Y
SR B A TV, PANI-Si NPs H' PANi Ao i 43 80 24
K 62% , HLALZEPEREIN A 45 R B PANI AU
PANi-Si NPs LB (9% 1A S B P B A5 21 e 3 | [ B
e K38 5 T AR E MR BE, B R R R
839.9 mAh-g !, TEHL L EE 100 mA -g! Z& A TG
100 K G B R FERN 92.6% , TARMALE otk Si
YNARL T B A T AT B T A K b R Si 4K
SR SR FR A 2E M RE
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