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Fig. S1. TGA curves of the S/AC composite with an S/AC weight ratio of 65/35 (w/w). A heating rate of 10°C min™' was applied

under N,. The results revealed that the sulfur mass content of S/AC = 60.3/39.7 (w/w), suggesting that approximately 5 wt.% of

sulfur was vaporized as a result of annealing at 300°C for 2 h to remove the additional sulfur from the AC.

(a) 35 ——] —Lithiation (b) 35 ] —Lithiation

—Ist —Ist

—10th
3 —20th
—30th

=25 [ =s0th —

0 100 200 300 400 500 0 100 200 }no 400 Isno 600 700 800
Capacity [mAh g 0] Capacity [mAh g™ ]

40000
(©)3
500 mAh/g “‘p“

4800 mAh/g e

30000
OFull

—10th
—20th

30th
—50th

3

©
n

Voltage [V]
~
[
Voltage [V]
N
|
f
[
[

)]

ty [mAh g g

0 10 20 30 40
Cycle number

50

Fig. S2. Lifetime of Li-S cells cycling with limited capacities of (a) 500 mA g™' (sulfur) and (b) 800 mA g™' (sulfur) and
the (c) accumulated discharge capacity of Li-S cells cycling with limited capacities of 500 mA g' (sulfur) and 800 mA g
(sulfur), and full capacity. Compared to cycling with full capacity, cycling with limited capacities exhibited an advantage in
terms of the accumulated discharge capacity, while the accumulated discharge capacity with full capacity cycling leveled
off after the 6" cycle and limited capacities prolonged the cycling.
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Fig. S3. Nyquist plots for the Li-S cell after discharge at the 1%, 3, 5™ 8™ and 12" cycles with a limited capacity for the
charge—discharge cycling sequences of (a) 500 mAh g™' (sulfur) and (b) 800 mAh g™' (sulfur). In both cases, the impedance
increases gradually as cycling progresses. However, each of the impedance signals at an identical cycle number is
considerably lower than that in the full charge—discharge sequence in Fig. 3(a).
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Fig. S4. (a) DRT of the Li/Li symmetrical cell (3 x 3 cm? lithium metal) after current loading, where the coulombic amount
is 2.6 mAh cm™? at a current density of 0.26 mA c¢m 2. The coulombic amount and current density are similar to those in
the lithiation process for a sulfur loading amount of ca. 4 mg cm ™. The fundamental electrochemical process at ~1 kHz
may be due to the SEI reaction on the lithium surface. (b) Nyquist plots after the abovementioned current loading. The
Nyquist plots correspond to reactions of one Li electrode; the obtained Nyquist plots are split in half in the figure. As a
result of fitting analysis, the apex frequency, SEI resistance, and interfacial capacitance of SEI are 1.4 kHz, 2.8 () and
39 mF, respectively. The obtained apex frequency, SEI resistance and interfacial capacitance of the Li/Li symmetrical cell
are identical to those of the Li—S cell shown in Fig. 3. The charge—discharge cycling of the (c¢) Li/Li symmetrical cell and
(d) Li/Cu half-cell.
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Fig. S5. Cross-sectional SEM images after (a) the lithiation process and after charge—discharge cycling at the (b) 5™ cycle
and (c) 20™ cycle with the full charge—discharge cycling sequence. As cycling progresses, the S/AC cathode composites are
observed to be more closely packed, which may be due to the migration of sulfur from inside to outside the AC.



