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Manufacturing process for S-ACs 

1. Sample preparation 

 The coconut shell, purchased from a local market in Korea, was first crushed after 

being dried in a convection oven at 80°C. It was then washed several times with DI water to 

remove unbound dust, soil, and other water-soluble impurities. The washed coconut shell was 

then placed in a vacuum oven for 24 hrs before carbonization.

2. Carbonization 

For the carbonization process, the coconut shell was heated to 700°C under a nitrogen 

(N2) flow at a heating rate of 10°C/min using a lab-scale tube furnace, and held at this 

temperature for 1 hr before cooling down naturally.

3. Steam activation 

3.0 g of the carbonized coconut shell was placed in an alumina boat and heated to 

900°C under N2 flow at a heating rate of 10 °C/min. The gas flow was then switched to steam 

at a flowing rate of 0.5 mL/min, and the temperature was maintained for 60 min. The sample 

was then cooled down to below 30 °C under N2 flow. The obtained activated carbons (ACs) 

were used without any further purification. 

ICP-OES analysis  

An Inductively Coupled Plasma Optical Emission Spectrometer (iCAP 7400 Duo, 

Thermo Fisher Scientific) was utilized to analyze the concentration and elemental compositions 

of metallic and non-metallic impurities in ACs. To ensure accurate analysis, both Axial and 



3

Radial View Modes were employed. The results were compared with those of Certified 

Reference Materials (CRMs). For the analysis, samples were pre-treated as follows, 

1. Approximately 0.4 g of each sample was placed into a Teflon vessel. 

2.  6 mL of concentrated nitric acid solution (~70%) and 0.5 mL of hydrofluoric acid solution 

(48%) were added to the vessel. The solutions were then treated using a microwave and 

heated to 250°C for 30 min, followed by cooling down. 

3. The pre-treated solution was transferred to a 50 mL conical tube, and the final volume 

was adjusted to 50 mL with 2% nitric acid solution.  

Here, it should be noted that the nebulizer and spray chamber of the ICP-OES were replaced 

with PTFE materials instead of quartz to prevent potential contamination during the analysis. 

Each element was measured three times, and the average value was reported.  

Nitrogen adsorption-desorption measurements 

To analyze the changes in specific surface areas and pore structure of ACs before and 

after purification, N2 adsorption isotherm analysis was conducted using a BELSORP-mini-

instrument (MicrotracBEL, Japan). For the analysis, 50 mg of activated carbon samples were 

pre-treated at 300°C for more than 12 hrs under vacuum to remove adsorbed moisture and air. 

The specific surface area (SBET) and total pore volume (Vtotal) were calculated using the 

Brunauer-Emmett-Teller (BET) method. Vtotal was determined from measurements of the 

amount adsorbed at a relative pressure of p/p0 = 0.99. The average micropore diameters and 

micropore volume (Vmicro) were calculated using the t-plot method. Vmicro was obtained by 

fitting the linear range in the Vads-t curve and calculating the positive intercept. The mesopore 

volume (Vmeso) was determined by Vtotal -Vmicro and the mesopore volume ratio (Rmeso) was 

calculated as Vmeso/Vtotal.
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Preparation method for activated carbons with added impurities

1g of YP-50F was immersed in 50 mL of solutions prepared with NaCl, KCl, and FeCl2 

at a concentration of 0.01 wt%. After 1 hr of sonication treatment, the samples were aged at 

room temperature for 1 day and then dried in a convection oven at 80 oC for more than three 

days. 
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Table S1. Impurity elemental compositions in various ACs determined by ICP-OES.
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Fig. S1. logarithmic relationship between anodic scan rates and peak current ACs at different 
potentials.
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Fig. S2. The deconvolution of CV curves using Dunn`s method:  before and after floating 
tests at 2.7V and 3.3V.
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Table S2. Textural properties of various ACs.
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Fig. S3. Gravimetric capacitance of S-ACs@chem at different cell voltages (2.7 V and 3.3 V).
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Fig. S4. Ragone plot of S-ACs@chem at different cell voltages (2.7 V and 3.3 V), compared 

with previous studies.
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Fig. S5. Cycle stability of S-ACs@chem at different cell voltages (2.7 V and 3.3 V), 

compared with previous studies.
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Table S3. Comparison of electrochemical performance of S-ACs@chem with previous 

studies. 

Precursor Activator S
BET

 
(m2g)

Electrolyte Cell 
voltage(V)

Csp (Fg-1)  
@ Current 
density (Ag-1)

ED
(Wh/kg)

PD
(W/kg)

Cycle number @ 
Cycling rate (Ag-1)

Reten
tion 
(%)

Ref.

tree bark KOH 1018 1 M Na
2
SO

4
 0.6 114 @ 0.3 - - 5000 @ 5 100 S1

Pistachio 
shell

 Na
2
S

2
O

3
775 1M KOH 1 88 @ 0.5 2.7 250 5000 @ 10 95.8 S2

Silkworm 
cocoon

KOH 3386 1 M 
TEABF

4
 in 

ACN

2.5 156.1@ 5 34.4 3100 4500@20 95 S3

Argan shells KOH 2251 1 M 
TEABF

4
 in 

ACN

2.5 ca.36 30.5 1900 - - S3

Durian husk KOH 2488 1 M 
TEABF

4
 in 

ACN

2.5 145 32 320 - - S5

Samanea 
saman leaves

KOH 2930 1 M 
TEABF

4
 in 

ACN

2.5 179.2 35.3 5410 3000 @ 5 97.5 S6

Potatoes KOH 1381 BMIMBF4 
in ACN 

2.6 182 @ 0.5 45.1 650 10000 @ 5 83.3 S7

Pollens from 
lotus

KOH 3037 1 M 
TEABF

4
 in 

ACN

2.7 185 @ 1 46 - 5000 @ 1 96 S8

Sawdust KOH 2924 1 M 
TEABF

4
 in 

ACN

2.5 150 @ 
0.25

44 - 5000 @ 0.5 93 S9

Pollen pine KOH 2318 1 M 
TEABF

4
 in 

ACN

2.5 147 @ 0.5 39.7 340 7000 @ 1 94 S10

Pear KOH 2332 1 M 
TEABF

4
 in 

ACN

2.5 126 @ 2 32 445 10000 @ 2 83 S11

Potato Self 
activation

2201 1 M 
TEABF

4
 in 

ACN

2.1 34.0 @ 0.5 20.8 520 5000 @ 5 ~10
0

S12

Spent coffee 
grounds 

CO
2

2497 1.5 M 
LiClO4/PC

2.5 222.4 @ 
0.5

33.8 3730 6000 @ 1 70.3 S13

Bamboo 
bagasse

ZnCl
2
 

+CO
2

- 1 M 
TEABF

4
 in 

ACN

2.7 153 @ 1 23.5 2300 10000 85 S14

Corncob 
residue

Steam 1210 1M TEABF
4

in ACN
- 120 @ 1 15 2827 - - S15

Soybean 
waste

Steam 1321 1M Na
2
SO

4 1 151.5 @ 1 - - 10000 98 S16

Plane tree 
bark 

ZnO 1511 1 M 
TEABF

4
 in 

ACN

3.0 115 @ 20 34.6 4300 5000 @ 2 70.8 S17

Eucalyptus 
sawdust 

KCl/Na
2

S
2
O

3

2590 1 M 
TEABF

4
 in 

ACN

2.7 140 @ 5 32 18000 - - S18

Lignin K
2
CO

3
 1529 1 M 

TEABF
4
 in 

ACN

2.5 140 @ 
0.05

25.3 6800 10000 @ 5 89 S19

1 M 
DMPBF

4
 in 

ACN

2.7 22.2 @ 0.5 22.6
9.5

675
27000

100000 @ 5 93Coconut 
shell
(S-ACs @ 
chem)

Steam 1341

3.3 25.2 @ 0.5 38.1 675 53896 @ 5 80

This 
work
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Table S4. Impurity elemental compositions in YP-50F and impurity-added YP-50F 

determined by ICP-OES

8.2 27000
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