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ABSTRACT: Graphene-based carbons have emerged promising applications in non-

metal catalysis, but is challenged by interlayer stack and poor porosity. Herein, the 

concept of graphene-liked carbons is proposed with porous carbon nanosheets (PCNs) 

being prepared via a melt-foaming strategy. PCNs show abundant pore structure and 

organized sp2-C network around nanopores. Moreover, the robust and curved nanosheet 

keeps spatially isolated and is thus totally stack free. The unimpeded accessibility to 

functional groups, defects and sp2-C network enables PCNs with outstanding activity 

of activating oxygen and high compatibility as carbon support. Thus, alkali-modified 

PCNs present appalling catalytic oxidation of hydrogen sulfide with unprecedented 

sulfur capacity up to 10.7g H2S /g catalyst, 3-fold than that of graphene-based 

benchmark counterparts. This study provides new insight into the rational design of 

next-generation carbon catalyst, opening up exciting opportunities for diverse 

applications.
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1. Supplementary Figures

Figure S1. SEM images of (a) PCNs-400, (b) PCNs-500, (c) PCNs-600, (d) PCNs-700.



Figure S2. AFM images of (a) PCNs-400, (b) PCNs-500, (c) PCNs-600, (d) PCNs-700.



Figure S3. TEM images of PCNs-600.



Figure S4. XPS of C1s of (a) PCNs-400, (b) PCNs-500, (c) PCNs-600, (d) PCNs-700, 

(e) PCNs-700-H2O2. (f)sp2-C, sp3-C content, and their ratio of PCNs-T.



Figure S5. (a) XPS full spectrum of PCNs-T. XPS of O1s of (b) PCNs-400, (c) PCNs-

500, (d) PCNs-600, (e) PCNs-700, (f) PCNs-700-H2O2.



Figure S6. The XRD patterns of PCNs-T.



Figure S7. The Raman spectra of PCNs-700-x.



Figure S8. (a) Breakthrough curves and (b) the corresponding breakthrough sulfur 

capacities of PCNs-700 with different Na2CO3 loadings under O2/H2S=10:1.



Figure S9. (a) The XRD patterns and (b) N2 adsorption-desorption isotherms of PCNs-

700-50%



Figure S10. N2 adsorption-desorption isotherms of PCNs-700-40% and PCNs-700-

H2O2-40%.



Figure S11. (a) Breakthrough capacity of PCNs-700-40% under different ratio of O2 to 

H2S. (b) Breakthrough capacity of PCNs-T-40% under O2/H2S=1:1.



Figure S12. (a) The XRD patterns of PCNs-T-x-S. XPS of S 2p of (b)PCNs-700-

20%-S, (C) PCNs-700-30%-S, (d) PCNs-700-40%-S.



2. Supplementary Tables

Table S1. Surface area and porosity properties of all PCNs-T.

Sample SBET
a(m2/g) Vt

b (cm3/g) Smic
c(m2/g) Vmicd (cm3/g)

PCNs-400 48 0.16 - -

PCNs-500 406 0.5 42 0.02

PCNs-600 536 0.68 226 0.12

PCNs-700 768 1.36 107 0.05

PCNs-700 -H2O2 585 1.05 40 0.02

a  Specific surface area calculated by using multipoint BET theory.
b Total pore volume calculated from nitrogen physisorption isotherm at p/p0=0.99.
c,d Micropore specific surface area and pore volume calculated by using t-plot method.



Table S2. Relative contents of different oxygen-containing groups in O1s spectra.

C=O C-O-C O-C=O H2O/O2

PCNs-400℃ 17.20% 48.85% 33.54% 0.41%

PCNs-500℃ 18.01% 40.93% 40.42% 0.64%

PCNs-600℃ 26.27% 30.52% 40.00% 3.21%

PCNs-700℃ 27.20% 25.15% 44.30% 3.35%

PCNs-700-H2O2 15.72% 46.59% 34.65% 3.03%



Table S3. Surface area and porosity properties of all PCNs-T-40%.

Sample SBET(m2/g) Vt (cm3/g) Smic(m2/g) Vmic (cm3/g)

PCNs-400-40% 27 0.12 - -

PCNs-500-40% 105 0.16 - -

PCNs-600-40% 302 0.37 11 0.01

PCNs-700-40% 238 0.46 40 0.02

PCNs-700-H2O2-40% 246 0.49 30 0.01



Table S4. Recently reported carbon-based catalysts for H2S oxidation.

No. Catalyst
aCH2S

(ppm
)

bt(℃) cO2(%)
dWHSV(g 

g-1h-1)
eQB(g 
g−1) Ref

1 Na2CO3/PCNs 2500 25 1 45 10.7 This 
work

2 Alkaline graphene 
aerogels 1000 30 1 75 3.19 4

3
Na2CO3/Nitrogen-
doped mesoporous 
carbon nanosheets

1000 RT 2 375 1.37 6

4 Alkaline carbon 
nanotubes 1000 30 1 112.5 1.51 7

5 Alkaline mesoporous 
carbon spheres 1000 30 1 / 2.46 8

6 Alkaline mesoporous 
carbon 1000 25 1 75 2.65 9

7 Na2CO3/carbon 
aerogels 1000 30 1 / 1.61 10

8 CuFe2O4/AC 1000
0 RT 21 / 0.67 11

9 MgO/rGO 1000 30 1 75 3.11 12
10 IAC 600 30 0.12 6 0.42 13

11 Nitrogen-rich 
mesoporous carbons 1000 30 / 37.5 2.77 14

aH2S concentration in the inlet gas. bReaction temperature. cO2 concentration in the inlet gas. 

dWeight hourly space velocity, calculated by  , where F is the flow rate (L/h), 
𝑊𝐻𝑆𝑉=

𝐹 ∙ 𝜌𝑔𝑎𝑠
𝑚𝑐𝑎𝑡.

 is the density of inlet gas (g/L), and mcat. is the weight of used catalyst (g). eBreakthrough 𝜌𝑔𝑎𝑠

sulfur capacity, g H2S/g cat.
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