
Supporting Information

Rapid, in situ Synthesis of Ultra-Small Silicon Particles for Boosted Lithium 
Storage Capability through Ultrafast Joule Heating

Shigang Liu a,b,1, Bowen Liu b,c,1, Ming Liu b,c, Junjie Xiong b,c, Yang Gao b,c,, Bin 

Wang b,c,, Yingcheng Hu a,

a Key Laboratory of Bio-based Material Science and Technology of Ministry of 

Education, Engineering Research Center of Advanced Wooden Materials of Ministry 

of Education, College of Material Science and Engineering, Northeast Forestry 

University, Harbin 150040, China

b CAS Key Laboratory of Nanosystem and Hierarchical Fabrication, National Center 

for Nanoscience and Technology, Beijing 100190, China

c University of Chinese Academy of Sciences, Beijing 100049, China

 Corresponding authors.

E-mail addresses: yingchenghu@nefu.edu.cn (Y. Hu), gaoyang@nanoctr.cn (Y. Gao), 

wangb@nanoctr.cn (B. Wang).

1 These authors contributed equally to this work.

Electronic Supplementary Material (ESI) for Nanoscale.
This journal is © The Royal Society of Chemistry 2023

mailto:yingchenghu@nefu.edu.cn
mailto:gaoyang@nanoctr.cn
mailto:wangb@nanoctr.cn


Figure S1. Schematic diagram illustrating the process of us-Si/C preparation utilizing 

a FJH apparatus.

Figure S2. SEM image of CNCs, indicating that CNCs are freeze-dried and self-
assembled into large scale nanosheet structures.



Figure S3. The size distribution of SiNPs in (a) Si/C and (b) us-Si/C.

Figure S4. Temperature profile and stabilization trend of the FJH process.



Figure S5. SEM image of carbon nanosheets derived from assembled CNCs.

Figure S6. XRD pattern of the Si/C sample after continuous heating at 1700 °C for 50 

s.

Figure S7. The high-resolution Si 2p XPS spectra of (a) Si/C and (b) us-Si/C.



Figure S8. TG analysis of Si/C and us-Si/C under air condition.

Figure S9. XRD pattern of the Si/C sample after being heated to 1200 °C for 3 h 

during CVD.



Figure S10. (a) CV curves of Si/C at different scan rates. (b) Logarithm of peak current 

vs. logarithm of scan rate. (c) Capacitive contribution to charge storage collected at 1.0 

mV s−1. (d) Capacitive and diffusion-controlled contribution to the total capacity at scan 

rates from 0.1 to 1.0 mV s−1. 



Figure S11. Cross-sectional morphology of (a) Si/C and (c) us-Si/C electrodes at the 

initial state. Cross-sectional morphology of (b) Si/C and (d) us-Si/C electrodes after 

200 cycles.



Table S1. Electrochemical lithium storage properties of various Si/rGO composite 

electrode materials reported.

Materials Si particle 

size

Voltage 

window 

(V)

Current 

density 

(mA g1)

Capacity (mAh 

g1)/cycle numbers

Ref.

Si/graphite 0.5 m 0.01-1.5 1 mA cm-

2

0.909 mAh cm2/50 [1]

Nano-Si/graphite/carbon 

composite

100 nm 0.01-1.5 100 700/50 [2]

G/Si NP pellet 60 nm 0.01-1.5 0.5 C 3 mAh cm2/50 [3]

Si/rGO core-shell 12 m 0.01-1 1000 1258/300 [4]

Mesoporous Si/C 50 nm 0.01-2 100 617/100 [5]

Si/DDAC/N-GNS 80 nm 0.01-1 2000 1168/100 [6]

3D Si/G 50 nm 0.1-1 200 1909/100 [7]

Porous yin-yang hybrid 200 nm 0.01-1.5 3000 800/600 [8]

Spherical Si/G 2.5 m 0.01-2 1000 722/50 [9]

Si/G/C nanofibers 200 nm 0.1-1.5 3000 900/200 [10]

Si/G-bubble film 50 nm 0.01-1 100 998/1000 [11]

G/Si nanowires array 50 nm 0.01-1.5 2000 684/1000 [12]

Walnut Si@Gra@Pc 125 nm 0.01-1 300 450/1000 [13]

Alternating rGO/Si/ rGO 85 nm 0.01-1 1500 1849/200 [14]

Freestanding rGO/Si film ~500 nm 0.01-1.25 1000 713/200 [15]

Porous 3D G/Si/G sandwich ~7 nm 0.01-1 600 360/194 [16]

This work ~15 nm 0.01-1 2000 918/1000
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