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Digital photographs for explaining freeze-drying of SIMP/CNT wrapping
9:1 composite.

Digital photographs of (a) SWCNT dispersion, (b) SWCNT dispersion on a
spatula, and (c) SWCNT coating on slide glass. Dispersion stability of the
SWCNT dispersion. Digital photographs of SWCNT dispersion at (d) initial
stage and (e) after 24 hours. Optical microscopy images of (f) SWCNT
dispersion and (g) SWCNT powder. Each sample was prepared with a
certain amount of water with sonication and then coated on the slide glass.
SEM images of SINP/CNT 9:1 composite with (a) low and (b) high
magnification.

SEM images of SINP/CNT wrapping 8:2 composite with (a-c) low
magnification and (d-e) high magnification.

SEM images of SIMP/CNT wrapping 8:2 electrode with (a) low and (b and
c) high magnification. SEM images of SIMP/CNT wrapping 9:1 electrode
with (d) low and (e and f) high magnification.

CV profiles of SIMP/CNT wrapping 8:2 electrode at a scan rate of 0.2 mV' s
1 for 5 cycles.

Galvanostat charge and discharge profiles of (a) 9:1 and (b) 8:2 electrodes at
first steps of 0.2, 0.5, 1.0, 1.5, and 2.0 A g* of different C-rate sweep in rate
performance.

(a) Galvanostatic intermittent titration technique (GITT) measurement of
SiMP/CNT wrapping 8:2 and 9:1 electrodes. (b) magnified view of the GITT
profile. (c) Li* diffusion coefficient of SIMP/CNT wrapping 8:2 and 9:1
electrodes.

HR-TEM images of (a) SIMP/CNT wrapping 8:2 and (b) SiMP/CNT
wrapping 9:1 composites in cycled electrodes.

The equation for lithium-ion diffusion kinetics. Each component mg, Mg,
Vwm, S, 1, AEs, and AE, stand for active mass, molar mass, molar volume,
the active surface area of the electrode, constant current time, voltage
change, and total voltage change, respectively.

Comparison chart of our work and reported Si/Carbon composite papers
regarding preparation method, carbonaceous material with carbon content,
and electrochemical performance.

EIS parameters for the Fresh and 20 cycled symmetric cell of SIMP/CNT
wrapping 9:1 and SIMP/CNT wrapping 8:2 electrodes.
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Freeze-drying of SIMP/CNT wrapping 9:1

| Q*-

SiIMP+CNT 1 Thermos filled Place falcon tube in liquid nitrogen
dispersion mixture with liquid nitrogen bath for 5 minutes

Freeze-dried for 2 days
Fig. S1. Digital photographs for explaining freeze-drying of SiIMP/CNT wrapping 9:1

composite.
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(a) SWCNT dispersion (b)
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Fig. S2. Digital photographs of (a) SWCNT dispersion, (b) SWCNT dispersion on a spatula,
and (c) SWCNT coating on slide glass. Dispersion stability of the SWCNT dispersion. Digital
photographs of SWCNT dispersion at (d) initial stage and (e) after 24 hours. Optical
microscopy images of (f) SWCNT dispersion and (g) SWCNT powder. Each sample was

prepared with a certain amount of water with sonication and then coated on the slide glass.
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Fig. S3. SEM images of SINP/CNT 9:1 composite with (a) low and (b) high magnification.
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Fig. S4. SEM images of SINP/CNT wrapping 8:2 composite with (a-c) low magnification

and (d-e) high magnification.
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Fig. S5. SEM images of SiIMP/CNT wrapping 8:2 electrode with (a) low and (b and c) high
magnification. SEM images of SIMP/CNT wrapping 9:1 electrode with (d) low and (e and f)

high magnification.
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Fig. S6. CV profiles of SiIMP/CNT wrapping 8:2 electrode at a scan rate of 0.2 mV s for 5

cycles.
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Fig. S7. Galvanostat charge and discharge profiles of (a) 9:1 and (b) 8:2 electrodes at first

steps of 0.2, 0.5, 1.0, 1.5, and 2.0 A g* of different C-rate sweep in rate performance.
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Equation S1. The equation for lithium-ion diffusion kinetics. Each component mg, Mg, Vwm,
S, 1, AEs, and AE; stand for active mass, molar mass, molar volume, the active surface area

of the electrode, constant current time, voltage change, and total voltage change, respectively.
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Fig. S8. (a) Galvanostatic intermittent titration technique (GITT) measurement of SIMP/CNT
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wrapping 8:2 and 9:1 electrodes. (b) magnified view of the GITT profile. (c) Li* diffusion

coefficient of SIMP/CNT wrapping 8:2 and 9:1 electrodes.

Fig. S9. HR-TEM images of (a) SIMP/CNT wrapping 8:2 and (b) SIMP/CNT wrapping 9:1

composites in cycled electrodes.
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Table S1. Comparison chart of our work and reported Si/Carbon composite papers regarding

preparation method, carbonaceous material with carbon content, and electrochemical

performance.
Synthetic Silicon and Electrode First specific Initial Cycle Refer
method carbonaceous preparation( capacity coulombic  performanc  ence
material (C active (mAh g?) efficiency e with
weight % in material:con (%) capacity
the composite) ductive retention
additive:bind
er) (loading
mass)
Silicon Freeze- Silicon 70:15:15 Charge and 85.87% Our
microparticl drying microparticle (0.7 mg/cm?) discharge 91.1% (after 100 work
e/2D CNT and Carbon capacity as cyclesat 1 A
wrapping nanotube 3160.7 and g?h
9:1 dispersion 3469.1 mAh g
composite (8.7%) at0.1Ag™
(SIMP/CNT
wrapping
9:1)
3D Si-based  Gelation Silicon 70:15:15 Second charge Second CE 33.33% [S1]
gel microparticle (0.5~15 and discharge 88.91% (reversible
and GO/CNT mg/cm?) capacity as discharge
dispersion 2892.81 and capacity as
(34.35%) 3253.64 mAh g 1085.3 mAh
lat420 mAg? g?lat420
mAg after
100 cycles)
Nitrogen- In-situ Silicon 70:10:20 Reversible 90.6% 73.6% (after [S2]
doped polymer microparticle (0.7 mg/cm?)  capacity as 3430 100 cycles
graphitic pyrolysis and Poly(vinyl mAh g at 0.05 at 1C)
carbon and pyrrolidone) C (1C=3430
network on thermal (4.2%) mAg?)
SiMPs graphitizat
(Si@pGN) ion by
catalytic
FeNPs
Zinc- Zinc- Silicon 80:10:10 Initial discharge 70.4% 67.9% (after [S3]
assisted assisted microparticle (-mg/cm?) specific 200 cycles
Si/rGO mechanoc and graphene capacity as 1725 at0.2Ag?Y)
nanocompos  hemical oxide mAhgtat0.1A
ite (Si/rGO)  coating of (24%) g
reduced
graphene
oxide
Graphene- Electroles Silicon 90:0:10 Initial reversible 93.2% 85% (after [S4]
encapsulate s eposition microparticle (0.8 mg/cm? capacity as 300 cycles
d Silicon of Ni, and graphene for cycle 3,300 mAh gt at 0.5C)
microparticl ~ graphene (9%) performance at 0.05C (1C =
e(SIMP@Gr  growth of half-cell 4200 mAh g1
a) using Ni data)
template, The active
and acid material in
etching binder
solution

stirred for 12
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hours

Nanoporous Low Nanoporous 70:20:10 Initial charge 52.8% 78% (after [S5]
silicon temperatu silicon (0.8-1.2 and discharge 100 cycles
microparticl ~ re molten microparticles mg/cm?) capacity as 973 at0.5Ag?Y)
es supported salt and CNT and 1841.4
by CNTs process (55.17%) mAh g-1at0.1
composite Ag?
(p-Si/CNT)
Graphene Electroles  Mesoporous Si 90:0:10 Initial 88.7% Specific [S6]
cage- S microparticle (0.68 mg/cm?)  delithiation and capacity as
encapsulate  deposition and graphene The active lithiation 1246 mAh
d Si skin- of Ni (8%) material in the  capacity as 2834 gt after 300
sealed catalyst binder and 3197 mAh cycles at
mesoporous  and CVD solution gtat0.05C (1C 0.5C
Si growth of stirred for 12 =4200 mAg?)
microparticl ~ graphene hours
e composite
(Mp-
Si@Si@G)
Interconnect  Rochow Porous silicon 80:10:10 First charge and 69.0% Discharge [S7]
ed porous reaction and carbon (2.0-3.0 discharge capacity as
silicon/carb using (35.9%) mg/cm?) capacity as 732.1 mAh
on CHsCl gas 856.5 and gt after 100
composite over Cu- 1241.7 mAh gt cycles at 50
(Si/C+C- based at 50 mA gt mA gt
900-HF) catalyst
under the
mild
reaction
Silicon- Ball Silicon 60:20:20 The specific - 71.34% [S8]
graphite- milling microparticle, (0.98 mg/cm?) discharge (After 100
carbon and NaOH graphite, and capacity at the cycles at 0.2
composite treatment  polyacrylonitrile second cycle is Agl)
with the -derived carbon 1353 mAh gt at
alkaline (60%) 0.2Ag?
solution for
15 minutes
(Si-G-C-15)
Reduced Gel Silicon 80:10:10 - 78% Average [S9]
graphene formation microparticle (1.0-15 capacity
oxide- and and graphene mg/cm?) above 1750
sheltered carbonizat (22%) mAh g1
overlapped ion over more
graphene- than 150
coated cyclesat2 A
silicon gt
microparticl
es
composite
(mSi@0G
@RGO)
Silicon@Ge  Thermal Submicron 80:8:12 - 82% 80% (200 [S10]
rmanium@  decompos  silicon particle (0.5-0.7 cycles at 2A
Carbon ition and carbon mg/cm?) gh
composite (-%)
(Core@shel
1)
(Si@Ge@C
)
Silicon/CNT CvD Silicon 70:10:20 The first charge 80.59% 656.6 mAh [S11]
S method microparticle (-mg/cm?) and discharge gt after 100
synthesized and CNT capacity as cyclesat 0.1
via CVD at (66.28%) 1826.5 and Ag?
950°C for 2 2266.5 mAh g'1
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hours at0.1Agt
composite
(SI/CNTs95
0-2)
Vertical Thermal Silicon 60:20:10 The initial 1045.2 mAh  [S12]
grapheneon  chemical microparticle (0.53-1.63 discharge gt after 300
porous vapor and graphene (- mg/cm?) capacity as cyclesat 1A
microsilicon  deposition %) 3121.6 mAh g* gt
/nanosilver at0.1Agt
hybrid
composite
(VG-
PMSi@Ag)
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Table S2. EIS parameters for the Fresh and 20 cycled symmetric cell of SIMP/CNT wrapping

9:1 and SIMP/CNT wrapping 8:2 electrodes.

Fresh symmetric cell (before cycling)

Reduced
Sample Rs (@ Rsel (2 Ret (Q .
P () s= () o+ (2) Chi-square
SiMP/CNT wrapping 9:1 3.40+0.13 - 3.01+£0.13 6.38x¢10
SIMP/CNT wrapping 8:2  4.91 + 0.04 - 3.31+0.04 8.19x107
20 cycled symmetric cell
Reduced
Sample Rs (Q Rser (2 Ret (2 .
P () s () + (2) Chi-square
SiMP/CNT wrapping 9:1 2.69+0.38 7.50 £ 4.57 22.67+7.71 2.35x10°°
SiMP/CNT wrapping 8:2 5.01+0.16 1445+ 3.75 29.83 £ 14.05 2.25x10°%
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