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Figure S1. SEM image of silicon micro-particles (Si MPs). (Scale bar: 10 pm)

Figure S2. Well dispersed poly[3-(potassium-4-butanoate)thiophene]/ single-
walled carbon nanotubes (PPBT/SWNT).
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Figure S3. SEM image of PPBT/SWNT powder. (Scale bar: 200 nm)
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Figure S4. Zeta potential distributions of (a) Si MPs, (b) Poly
(diallydimethylammonium chloride) pretreated Si MPs, and (c) PPBT/SWNT@Si

MPs.

Figure S5. Transmission electron microscopy (TEM) images of Si MPs. (Scale bar:

500 nm)
S3



Figure S6. TEM images of PPBT/SWNT@Si MPs and the Energy Dispersive
Spectroscopy (EDS) mapping images.
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Figure S7. X-Ray diffraction analysis pattern of Si MP and PPBT/SWNT@Si MP.
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Figure S8. TGA profile. The TGA tests were carried out in air in the temperature

range of 25-600 °C at a heating rate of 10 °C/min.
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Table S1. material weight before and after the TGA test.

Material Before TGA After TGA Mass residual ratio
PPBT/SWNT@Si MPs 14.33 mg 13.29 mg 92.72 %
Si MPs 20.82 mg 20.85 mg 100.15 %
PPBT 6.73 mg 2.50 mg 37.21%
SWNT 6.11 mg 1.88 mg 30.86 %
Calculation:

In PPBT/SWNT@Si MPs before TGA analysis, the Si MP weightis x mg, the SWNT

weight is % mg, and the PPBT weightis y mg.

Based on the TGA data the following equation can be obtained:

x +22 4 y = 1433 (Equation S1)

x*0.01
0.27

x *100.15% +

*30.86% + y * 37.21% = 13.29 (Equation S2)

The Si MP weight in PPBT/SWNT@Si MPs can be calculated based on the previous
two equations. Then, the weight ratio of Si MPs in PPBT/SWNT@Si MPs can be

X
14.33

calculated based on * 100% = 88.6%
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Figure S9. (a) Digital image of PPBT/SWNT@Si MPs and Si MPs, and the related
anodes coated on glass substrate. (b) 4-point probe test equipment. (c) Electronic
conductivity of PPBT/SWNT@Si MP and Si MP. (d) Electronic conductivity of
PPBT/SWNT@Si MP and Si MP anodes.

Figure S10. Electrode peel-off experiment for both Si MP and PPBT/SWNT@Si
MP anode.
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Figure S11. Oxidation/reduction voltage profiles of Si MP anodes at a various scan
rate from 0.2 to 0.5 mV s-1.
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Figure S12. Oxidation/reduction voltage profiles of PPBT/SWNT@Si MP anodes
at a various scan rate from 0.2 mV s-1to 0.5 mV s-1.
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Figure $S13. The relationship of peak current and the square root of scan rate (v1/2)
for anodic peaks of Si MP and PPBT/SWNT@Si MP anodes.
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Table S2. Comparison of ICE of previously reported Si-based anodes.

Materials ICE (%) Binder Reference
Si/mesoporous
carbon/crystalline TiO; 73 % PAA 1
nanoparticles
Carbon-coated ant-nest-like ] )
] o 80.3% Sodium alginate 2
microscale porous silicon
Si/TizC, Mxene composite 61.1 % PVDF 3
3D N-doped
. . 74.9 % / *
graphene@Si@Hybrid Silicate
MXene-Si-CNT composite 70.38 % CMC 5
Carbon-coated metallurgical ) )
. ] 73 % Sodium alginate 6
Silicon/carbon nanofiber
poly(hexaazatrinaphthalene)
coated Si/C microsized 81.29 % Sodium alginate 7
particles
Microclusters of kinked silicon
. 82.4 % PAA 8
nanowires
) Self-healing
Nano Si 81.6% . 9
polymer binder
PPBT@CNT/Si MPs 85% PAA/PVA This work
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Figure S14. SWNT@Si MP anodes cycle performance at a current density of 2 A
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Figure S15. High mass loading (~ 2mg cm2) PPBT/SWNT@Si MP and SWNT@Si

MP anodes cycle performance at a current density of 0.4 A g-1.

Figure S16. Cross-sectional image of PPBT/SWNT@Si MP and Si MP anode (a, b)

before and (c, d) after cycling. (Scale bar: 10 um)
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Table S3. Comparison of the initial capacity and capacity decay rate of

previously reported nano-silicon anodes.

Materials

Binders

Current
Rate/
Density

Initial Capacity
(mAh/g)

Capacity
decay rate
(%)

Reference

Si nanoparticle/

double carbon matrix

PAA

0.2C

~1500

0.040 %

10

Si nanoparticle/
zeolite imidazolate

frameworks

PVDF

1A/g

~2800

~(0.084 %

11

Si nanoparticle

PVDF/ self-healing
poly(ether-thioureas)

42 A/g

~1016

0.058 %

12

Si nanoparticle/ 50 nm
void mesoporous yolk-

shell carbon

CMC

042 A/g

1272

0.054 %

13

Si nanotube

Sodium alginate

1A/g

2197

0.047 %

14

Si nanosheet

CMC/SBR

2A/g

~2000

0.050 %

15

Si nanoparticle/
hollow porous carbon/

graphene

CMC

0.1A/g

1556

0.165 %

16

Silicon particle

PAA/gelatin/(3-
cyclodextrin cross-link
polymer

2A/g

2461

0.13%

17

Si microparticle/
PPBT/SWNT

PAA/PVA

2A/g

2063

0.027 %

This work
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Figure S17. Charge/discharge voltage profiles of PPBT/SWNT@Si MPs at a
current density of 2 A g-1 for 300 cycles.
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Figure S18. Cycle performance of PPBT/SWNT@Si MP anodes with different
PPBT/SWNT content.

Figure $19. SEM images of higher PPBT/SWNT Si MP anode after cycling. (Scale
bar: 10 um)
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Figure S20. Cycle performance of NCM 523 // PPBT/SWNT@Si MP electrodes
based full cell at 0.2 C.

Figure S21. SEM image of SWNT/Si MP anodes. (Scale bar: 1 um)
The Raman shifts are converted to the strain on carbon nanotubes according to
the equation below:
AG = G — Gycy — G (Equation S3)
Where G,y is the G-band position at open circuit voltage, and G is the G-band
position during cycling.
F=-= x11TPa x 1% (Equation $4)

where AG is the G-band shifts, and F is the strain on SWNT.
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Figure S22. The corresponding stress for the SWNTs in the PPBT/SWNT@Si MP
and SWNT@Si MP anodes during the 2nd cycle.
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Figure S23. load-depth profiles of Si MP and PPBT/SWNT@Si MP electrodes
with a maximum load of 0.6 mN.
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