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Figure S1: HPLC-RID chromatogram for sugar content analysis of cellulose hydrolysis result. 

 



  

Figure S2: BET plot (left) and BJH plot (right) of original CNT (green line) and treated CNT 

(red line); Treatment condition: 45 min treatment with 0.5 M Na2S2O8 solution. 

 

Figure S3: the SEM-EDS image of treated carbon (45 min treatment with 0.5 M Na2S2O8 

solution). Red: carbon; green: sulfur; blue: oxygen. 

Table S1: Surface area, XPS peak assignment and atomic percentage (at. %) for original CNT 

and treated CNT (45 min treatment with 0.5 M Na2S2O8 solution) 

Sample Surface 
area 
(m2 g–

1) 

Total C 
1s at.% 

Total O 
1s at.% 

Total 
S2p at.% 

Contributions from O to C 1s spectra 
at. % 
C-OH C-O-C COOH C=O 

Original 
CNT 

519  98.50 1.50 0.00 2.33 0.01 2.72 1.51 



Treated 
CNT 

424 91.11 7.63 1.26 3.54 0.06 2.79 2.11 

 

Figure S4: FTIR spectra of original and treated carbon materials (45 min treatment with 0.5 M 

Na2S2O8 solution) 

 

 

Figure S5: Survey XPS spectra of original and treated carbon materials (45 min treatment with 

0.5 M Na2S2O8 solution) 

 



 

Figure S6: the variation of the total acid density of treated carbon with treatment time. (The 

total acid density of original CNT is 0.22 mmol g-1) 

Table S2: The glucose yield and cellulose conversion after the 2nd run hydrolysis; the SO4
2- in 

the solution after each hydrolysis. (CNT was treated with 0.25 M Na2S2O8 solution for 10 min) 

 Glucose yield 
[%] 

Cellulose conversion 
[%] 

SO4
2- ion in the solution 

after hydrolysis [ppm] 

1st run 15.9 25.5 113.5 
2nd run 12.6 18.5 110.5 

 

Table S3: Sulfonation results of CNTs treated by hydrothermal method. 

Catalyst Sulfonation 
Temperature 
(℃)/ Time (h) 

SO3H / COOH &OH 
density (mmol g-1) 

Total acid densities 
(mmol g-1) 

CNTs 150/10 0.36/1.10 1.46 

 

Table S4: The glucose yield and cellulose conversion after the 2nd run hydrolysis; the SO4
2- in 

the solution after each hydrolysis. (CNTs treated by hydrothermal method) 

 Glucose yield 
[%] 

Cellulose conversion 
[%] 

SO4
2- ion in the solution 

after hydrolysis [ppm] 
1st run 24.8 30.8 141.9 

2nd run 12.5 16.9 109.2 

 



We evaluated thermal durability by isothermal oven heating followed by gravimetry. 30 mg of 

sample was heated in air at 150, 200, and 250 °C for 1 h at each step, cooled to room temperature, 

and weighed on a balance. The mass loss (%) at each temperature was calculated relative to the 

mass before that step. Pristine CNTs were measured as a control under identical conditions. 

The treated CNTs exhibited 6.7 %, 3.3 %, and 13.0 % mass loss after 1 h at 150, 200, and 250 °C, 

respectively, compared with 6.7 %, 6.7 %, and 10.0 % for pristine CNTs. The larger loss of the 

treated sample at 250 °C (extra ~3 % absolute) indicates partial decomposition of grafted –SO₃H/–

OSO₃H groups, while the similar behavior at 150 °C is consistent with removal of physisorbed 

water/volatiles in both materials. The small difference at 200 °C likely reflects experimental 

scatter and competing adsorption/desorption processes. Overall, these observations support the 

expected onset of sulfonic-group degradation around 200–250 °C, aligning with literature reports 

for sulfonated carbons[1,2].  

 

 

Table S5: Comparison of the catalytic performance of treated carbon catalyst. 

Catalyst & method Preparation 
conditions 

Total 
acid-
site 
density 
(mmol 
g⁻¹) 

Cellulose 
hydrolysis 
condition 
(temperature, time; 
substrate; mass 
ratio of 
cellulose:catalyst) 

Cellulose 
conversion 
(%) 

Glucose 
yield 
(%) 

This work 0.5 M 
Na₂S₂O₈, 45 
min 

1.52 150 °C, 24 h, H₂O, 
1:1 

31.60% 23.18% 

Plasma-assisted 
sulfonated CNTs 
[3,4] 

Plasma 
discharge 
with 1 M 
H2SO4 
solution 

3.47 150 °C, 15 h, H₂O, 
9:10 

37.4% 27.2% 

Amberlyst-15 [5] Commercial 
sulfonated 

4.40 100 °C, 5 h, H₂O, 
1:1 

12% - 



polymer resin 
Hydrothermal 
sulfonated active 
carbon[6]11/5/2025 
11:28:00 AM 

Concentrated 
H₂SO₄ (18 
M), 150 °C, 
10 h 

0.72 150 °C, 24 h, H₂O, 
1:1 

- 21% 
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