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Fig. S1 (a) Cross-sectional FE-SEM images of the initial CT and C-CT carbonized at 700 °C.
(b) Photographic and FE-SEM images of the CT and C-CT.
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Fig. S2 Electrical stability of the C-CT as a function of bending cycling number. The resistance
change (R/Ry) of the C-CT with sheet resistance of ~361 Q sq! (Ry) at the initial (flat) state
was investigated as a function of the bending cycling number. In this case, the C-CT displayed
electrical stability and maintained 100 % of the initial conductivity after 5000 bending cycles
(sample length = 2 cm, bending radius (r) = 0.3 cm).
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Fig. S3 (a) Photographic images of the C-CT (cathode), Ni plate (anode), and (b) two-electrode

configuration-based Ni electroplating device.
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Fig. S4 FE-SEM images of the C-CT and EP-CT electroplated at a current density of 216 mA

cm for 20 min.
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Fig. S5 FE-SEM images and EDS maps of the EL-CT. For the preparation of the EL-CT, the
C-CT was first immersed into a sensitizing solution (0.05 M SnCl,-2H,0 and 0.15 M HCI) and
a PdCl, solution (0.6 mM PdCl, and 0.03 M HCIl). After the C-CT was washed three times with
deionized water, 45 g L-! NiSO4-6H,0, 240 g L-! NaH,PO,-H,0, 30 g L-! NaC¢H507-2H,0,
and 50 g L' NH4Cl were added to the mixture, which was stirred at room temperature and
adjusted to pH 9 using NH,OH. After raising the temperature of the solution up to 80 °C, the
C-CT was inserted, and stirring was applied for 120 min. After the reaction, the EL-CT was
repeatedly washed with deionized water and dried (Ni loading amount: ~0.0289 g cm!).
Therefore, electroless deposited Ni layer of the EL-CT included relatively large amounts of
organic impurities compared to the electroplated Ni layer of the EP-CT.
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Fig. S6 FE-SEM images and EDS maps of (a) EP-carbon paper and (b) EP-carbon cloth
electroplated at a current density of 216 mA cm for 20 min. These phenomena evidently
showed that the electroplated Ni layer was concentrated on the outermost surface (i.e., top and
bottom surface) of carbon paper and carbon cloth because of their densely packed fibril

structure and hydrophobic properties.
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Fig. S7 Planar FE-SEM images and corresponding EDS maps for the C-CT, carbon paper, and
carbon cloth. In this case, the C-CT had larger amounts of hydrophilic moieties (by the ratio of
O and N atoms) compared to commercial carbon paper and carbon cloth. These results also

indirectly suggest that the C-CT is highly advantageous for electrolyte infiltration.
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Fig. S8 Water contact angles of the C-CT, carbon paper, and carbon cloth. These results imply
that the C-CT has a more advantageous hydrophilic property for electrolyte infiltration than

commercial carbon paper and carbon cloth.
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Fig. S9 Plot of In 6 vs. T2 (for tunneling) of the EP-CT. The electron transport mechanism of
semiconductors can be described by the variable-range hopping or tunneling conduction
mechanism as follows:

6 = o¢ exp(-A/TVErD)
where o, A, T, and d are the electrical conductivity, constant, absolute temperature (K), and
dimensionality (d = 3 for hopping and d = 1 for tunneling), respectively. The natural log
electrical conductivity vs. inverse temperature plots for the EP-CT did not show a linear
dependence for hopping (Fig. 3g) or tunneling (Fig. S9) mechanism, suggesting metallic
conduction of the EP-CT.
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Fig. S10 Electrical stability of the EP-CT as a function of bending cycling number. The
resistance change (R/Ry) of the EP-CT with sheet resistance of ~0.01 Q sq™!' (R,) at the initial
(flat) state was investigated as a function of the bending cycling number. In this case, the EP-
CT displayed electrical stability and maintained 100 % of the initial conductivity after 5000
bending cycles (sample length = 2 cm, bending radius (r) = 0.4 cm).

S11



EP-CT Commercial porous Ni foam
Porosity:83 %~ .~ o\ TN Porpﬁt;': 53.%4'-‘1?5 P

4

(c) (d)
-] o
hr - 30 - -
= 14 EP-CT = Commercial porous Ni foam
— 121 102 ~ 25
c c 146
S 10} 2
n )
S sf 2
et e
£ 6t =
S . S
et
S 2t o
o o
o 1 L 1 1 I} 1 L
E 200 150 100 50 0 = 200 150 100 50 0O
. o .
Pore diameter (um) Pore diameter (um)

Fig. S11 FE-SEM images of the (a) EP-CT and (b) commercial porous Ni foam. Differential
intrusion volume of mercury vs. pore diameter of (¢) the EP-CT and (d) commercial porous Ni
foam. In this case, the porosity and pore diameter were measured using mercury porosimetry
technique. The pore size in the EP-CT ranged from 50 to 150 pm, with the distinct peak at 102
um, and on the other hand, commercial porous Ni foam had the macropore size ranging from

50 to above 200 um as well as relative small pore size from 10 to 25 pm.
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Fig. S12 (a) TGA curves with a heating rate of 5 °C min! under an argon atmosphere and (b)
XPS spectra of S-copolys.
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Fig. S13 (a) Schematic diagram for the preparation of NH,-MWCNTs and (b) XPS spectra of
NH,-MWCNTs.
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Fig. S14 Charge/discharge curves of the (a) C-CT/slurry, (b) EP-CT/slurry, and (c¢) EP-
CT/slurry/capping layer with a S-copoly areal mass density of ~3 mg cm= at 0.1 C. Herein, the

abbreviations of HS and CCL indicate (hybrid) slurry and (conductive) capping layer,

respectively.
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Fig. S15 CV curves of the C-CT/slurry and EP-CT/slurry at a scan rate of 0.03 mV s-!. Herein,
the abbreviation of HS indicates (hybrid) slurry.
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Fig. S16 Charge/discharge curve at 0.1 C of the EP-CT/capping layer without S-copolys.

Herein, the abbreviation of CCL indicates (conductive) capping layer.

S17



(a)
Specific capacity (mAh g™)

0 200 400 600 800 1000 1200 1400

o
o

-—— EP-CT/HS with NH,-MWCNT
—— EP-CT/HS with pristine MWCNT

g
co

i
o

L
(V)

n
o

Voltage (V vs. Li*/Li)

-
(=]

-C-rate: 0.1 C

0 1 | 2 | 3 | 4
Areal capacity (mAh cm'z)

(b)

D

@ EP-CTHS with NH,MweNT | | 2100

. @ EP-CT/HS with pristine MWCNT ] 1800
@

o

E - 1500
. @ 1

o ®%%g00e o%009| 1200
 og o000 { 900
.- : 50 600

300

E-Y

N

—
L]

- 01C 02cC 05C 1C 01cC

1 1 1 1 o
10 15 20 25

Cycle number

Areal capacity (mAh cm'z)

Specific capacity (mAh g™

o
5]

Fig. S17 (a) Charge/discharge curves at 0.1 C and (b) areal/specific capacity taken from 0.1 C
to 1 C for the EP-CT/slurry with NH,-MWCNTs and EP-CT/slurry with pristine MWCNTs.
Herein, the abbreviation of HS indicates (hybrid) slurry.
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Fig. S18 Initial charge/discharge curves of the EP-CT/slurry/capping layer with a S-copoly

areal mass density of ~3 mg cm at different rates from 0.1 to 1 C.
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Fig. S19 Equivalent circuit for fitting the Nyquist plots of Li-S cathodes. In this circuit, the R,
Rs, Ry, and Wy represent the impedance of electrolyte resistance, interfacial resistance (by
passivation layer), charge transfer resistance, and diffusion resistance (Warburg impedance),
respectively. The constant phase elements, CPE1 and CPE2, indicates the capacitance related

to the interfacial layer and double-layer capacitance, respectively.
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Fig. S20 (a) Charge/discharge curves and (b) Coulombic efficiency of EP-CT/slurry/capping

rate with a S-copoly areal mass density of ~3 mg cm at different cycles.
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Fig. S21 Charge/discharge curves of the EP-CT/slurry/capping layer cathode with a S-copoly

areal mass density of ~5 mg cm at different cycles.
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Fig. S22 Charge/discharge curves of EP-CT/slurry/capping layer with a S-copoly areal mass

density of ~8 mg cm at different cycles.
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Table S1. Comparison of the performance of sulfur-based Li-S cathodes.

Sulfur

Cycling performance

. Areal capacity Specific capacity
Cathodes (ll::a(ll;-%) (mAh cm?) (mAh g') Ref.
g mAh cm mAh g1
2.7 44 @0.1C 1618 @0.1 C 100, 100,
(S-copolys: 3 mg cm2) 28@1C 1028 @1 C 3.0 @0.2C 1082 @0.2 C
EP-CT/slurry 4.5 6.1 @0.1C 1355 @0.1 C 150, 150, Our
/capping layer (S-copolys: 5 mg cm?) 4.8 @0.2C 1080 @0.2 C 3.8@0.2C 838 @0.2 C work
7.2 8.3 @0.1C 1149 @0.1 C 100, 100,
(S-copolys: 8 mg cm™?) 6.6 @0.2C 915 @0.2 C 5.1 @0.2C 713 @0.2 C
1045 @0.1C 60t 100,
3.8 40@o.1cC 785 @1C 3.6 @0.1C 769 @0.2C
60“‘, 60th,
CF@CNTs/MgO 6.6 5.6 @0.1C 854 @0.1C 48 @0.1C 730 @0.1C S1
60th’ 60th’
14.4 10.4 @0.1 C 720 @0.1C 6.1 @0.1C 426 @0.1C
18 1201 @0.1C
) . 821 @1C . .
CC@CoP/C-S S2
100,
417 ) ) ) 737@0.1C
15 ) 1050 @0.1C ) 200,
’ 767 @1C 717 @0.2C
C/Si0, membrane S3
200,
2.8 ) ) ) 699 @0.2C
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450,

CNF@VS,/CNT@GN 5.6 6.25 @0.1C 1150 @0.1C 685 @0.3C S4
. 870 @0.2C 200,
Ni/PCNFO-S 4.4 - 646 @1C 391 @0.2A g! 53
A ) 1310 @0.2C )
606 @1C
3DP-LaBy/SP@S 8.1 6.28 @0.1C - - S6
93 7.75 @0.05C - -
CoP@HPCN- 37 200, S7
MWCNT/S ' - i 729 @0.2C

*CF: Carbon foam.  *CC: Carbon cloth.

*HPCN: Hollow polyhedral/carbon nanotube.

*CNF: Carbon nanofibers.

S25

*PCNFO: Porous carbon nanofibers.

*pPAN: Polyacrylonitrile.



Table S2. Comparison of the performance of S-copoly-based Li-S cathodes.

- Cycling performance
S copoly Areal capacity Specific capacity yeume p
Cathode loading 2 2 Ref.
(mg cm?) (mAh cm™) (mAh g)
mAh cm?? mAh g!
3 4.4 @0.1C 1618 @0.1 C 100, 100,
28@l1C 1028 @1 C 3.0@0.2C 1082 @0.2 C
EP-CT/slurry 5 6.1 @0.1C 1355 @0.1 C 150, 150, Our
/capping layer 48 @0.2C 1080 @0.2 C 3.8 @0.2C 838 @0.2 C work
3 83 @0.1C 1149 @0.1 C 100t, 100t,
6.6 @0.2C 915 @0.2 C 51@0.2C 713 @0.2 C
Al foil/ 0.8 i 1100 i 100, 38
(Poly(S-r-DIB), Carbon, PE) ’ @ 167.2 mA g! 823 @0.1 C
Al foil/ 1225 @0.1C 100,
(Poly(S-r-DIB), Carbon, PE) ~0.83 0.83 800 @1C i 1005 @0.1 C 89
; th
Al foil/ 12 0.79 1210 @0.1 C i 100, 310
(S-TTCA, Super P, PVDF) 1090 @0.2 C 945 @0.2 C
Al foil/ 100,
(Poly S-O-rGO, Carbon, PE) ~1.8 i ~1200@0.1 € <3@0.5C i St
S-DIB@CNT . 100,
membrane 1.9-2.5 - 1300 @0.1 C - 880 @1 C S12
Al foil/ 733 2.8 1298 @0.1 C i 150, 313
(SBPA, Carbon, PVDF) ' @0.37 mA cm?? 632 @1 C 684 @0.1C
; th
Al foil 4.66 4.4@0.1C - 100%, ; S14

(cpSDG, Carbon, PVDF)

2.1 @0.5C



mailto:1225@0.1c

Carbon cloth/ 18 i ) 100, 315
(TMTD-S, KB, PVDF) : 930 @0.5 C
Al foil/ 100,
(Az-S, Super P, sodium alginate) ~1.46 - 1036 @0.3C 515 @03 C S16

*DIB: 1,3-diisopro-penylbenzene.  * TTCA: Trithiocyanuric acid. ~ *SBPA: Poly(S-r-DIB)-g-PANI.

*TMTD-S: Tetramethyl thiuram disulfide-sulfur. ~ *KB: Ketjen black. =~ *Az-S: Azulene-based organosulfur polymer.
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*cpSDG: cp(S-r-DIB)-Cy-rGO.
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