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From the CO and CO2 TPD profiles (Figure S1), HNO3 and HNO3/H2SO4 treatments generated 
more O-containing groups than treatment with H2SO4. The detected CO2 molecules below 400 °C are 
mainly from the decomposition of carboxylic groups, while above 400 °C they are attributed to 
decomposed carboxylic anhydrides and lactonic groups [1]. Carboxylic anhydride groups 
simultaneously generate both CO and CO2 with 1:1 ratio [2]. Hydroxyl and carbonyl groups 
decomposed to CO at temperatures above 600 °C. Further decomposition of carboxylic groups was 
confirmed by the corresponding peak of CO2 at the same temperature [2]. The presence of a significant 
number of O-containing groups explains the high total acidities of P-N-24 and P-N/S-24. 

SEM images of the samples are shown in Figure S2. No major differences exist between the 
samples. Reaction schemes for the acid treatments are given in Figures S3 and S4. 

  

 

Figure S1. CO and CO2 temperature-programmed decomposition profiles of petcoke samples before 
and after acid treatments. 
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Figure S2. SEM images of (a) Petcoke; (b) P-S-24; (c) P-N-24; (d) P-N/S-24. 

 
Figure S3. Scheme of aromatic sulfonation with sulfuric acid treatment. 
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Figure S4. Scheme of aromatic nitration with nitric acid treatment. 
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