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Abstract: Novel bimetallic (Sn/Ni) doped porous silicon microspheres (pSi@SnNi) were prepared by a simple chem-

ical deposition method, using an inexpensive silicon-aluminum alloy precursor. The three-dimensional porous struc-

ture of pSi@SnNi composites can buffer the huge volume expansion of silicon in the lithiation process and increase

lithium storage active sites. The deposition and doping of bimetallic (Sn/Ni) may improve the electronic conductivity

of Si as well as enhance the structural stability of pSi. Profiting from the unique composition and microstructure, the

pSi@SnNi composite with moderate Sn/Ni content showed large reversible lithium storage capacity (2 651.7 mAh-

g at 0.1 A-g™"), high electrochemical cycling stability (1 139 mAh-g™ after 400 cycles at 1 A-g™"), and excellent

rate capability (1 235.8 mAh-g™" at 2.5 A-g™").
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Table 1 Preparation parameters for all the samples

Sample Concentration of NH,F / (mol - 1) Concentration of K,Sn0, / (mol 1) Concentration of NiSO, / (mol-1.")
pSi@SnNi01 0.5 0.000 5 0.000 5
pSi@SnNi02 0.5 0.0010 0.001 0
pSi@SnNi03 0.5 0.0015 0.0015
pSi@Sn 0.5 0.001 0 —
pSI@Ni 0.5 — 0.001 0

1.2 #MRIRAE

K K B 7 B R (SEM, HITACHI
SU8010,5.0 kV, 10 pA)FI 5 43 B R 37 & I i i v 7
4 %85 (HRTEM, JEM2100F , il 33 i, s 200 k V)% #
i B TOUL S5 A8 FIJE SR HEAT T 3RAE o BT FE i 1Y A

T 45 40 {5 2 3438 o X5 kAT 5 4% (XRD, Rigaku
Ultima IV ,40 kV,30 mA , Cu Ka) AFAH 53 %K 3 (°)-
min~' 75 20°~80° 4 70 [ A I 75 31 o >R T XUk
6 H, T fiE 3% 1L (XPS, ESCALAB 250Xi, 15 kV, 10
mA , Al Koo) AR & ) 2 17 41 AL 24 RS AT T 3%
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Fig.1  Schematic illustration for fabrication of pSi@SnNi composites using SiAl alloy as a precursor
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Fig.8 (a) Nyquist plots of pSi@SnNi02 and pSi electrodes in an open circuit state after 500 cycles at 1 A-g™'
(Inset: corresponding equivalent circuit); (b) Relationship of real impedance (Z') and angular frequency
(@) in the low-frequency region derived from the Nyquist plots
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Table 2 Impedance parameters obtained by the fitting of the Nyquist plots
Sample R./Q R,/1Q CPE / pF Zy 1 Q D/ (cm™2-s7™")
pSi@SnNi02 1.395 84.23 458.77 147.0 4.64x1071*
pSi 2.571 146.31 42.95 211.6 1.09x1071

200 nm
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Fig.9 SEM images of pSi (a, b) and pSi@SnNi02 (c, d) electrodes before (a, c) and after (b, d) 100 cycles at 1 A-g™
(Inset: sectional SEM images of the electrodes); SEM images of pSi (e) and pSi@SnNi02 (f) electrodes after
100 cycles at 1 A-g™'; Optical photographs of pSi (g) and pSi@SnNi02 (h) electrodes after 100 cycles at 1 A-g™
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