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ESI 1 Original XRD patterns 

 

Figure 1 Wide angle XRD pattern of SBA-15 
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Figure 2 Wide angle XRD pattern of NiO/SBA-15w 

 

Figure 3 Wide angle XRD pattern of NiO/ SBA-15c 

 



 

Figure 4 Wide angle XRD pattern of Ni/SBA-15w 

 

Figure 5 Wide angle XRD pattern of Ni/SBA-15c 

  



ESI 2 Catalyst characterization using SEM-EDX 

 

 

Figure 6 SEM-EDX data of SBA-15 

  



 

Figure 7 SEM-EDX data of NiO/SBA-15w 

  



 

Figure 8 SEM-EDX data of NiO/SBA-15c 

  



 

Figure 9 SEM-EDX data of Ni/SBA-15w 

  



 

Figure 10 SEM-EDX data of Ni/SBA-15c 

  



ESI 3 Catalysts characterization using Gas Adsorption Analyzer 
 

 

 

Figure 11 BJH pore size distribution desorption of SBA-15 

 

 

  



 

Figure 12 BJH pore size distribution desorption of NiO/SBA-15w 

 

 

 

  



 

Figure 13 BJH pore size distribution desorption of NiO/SBA-15c 

  



 

Figure 14 BJH pore size distribution desorption of Ni/SBA-15w 

  



 

Figure 15 BJH pore size distribution desorption of Ni/SBA-15c 

  



ESI 4 Characterization of liquid product using GC-MS 

 

 

Figure 16 Chromatogram of pyrolyzed α-cellulose 

 

Table 1 Composition of Pyrolyzed α-cellulose 

Peak # R.time Area Area (%) Name 
Molecular 

Formula 

1 2.3180 4204868 15.41 Formic acid CH2O2 

2 2.5670 5671987 20.78 2,3-Butanedione C4H6O2 

3 2.7710 4095677 15.01 Acetic acid C2H4O2 

4 3.2190 6169920 22.61 1-hydroxy-2-Propanone C3H6O2 

5 3.6790 1510617 5.53 Oxirane (butoxymethyl) C7H14O2 

6 4.9600 1672250 6.13 1-Hydroxy-2-Butanone C4H8O2 

7 6.8740 2696886 9.88 2-Furancarboxaldehyde C5H4O2 

8 7.7130 1271932 4.66 2-Furanmethanol C5H6O2 

 

  



 

Figure 17 Chromatogram of hydrocracking liquid product with no catalyst 

 

Table 2 Compositions of hydrocracking liquid product with no catalyst 

 



 

Figure 18 Chromatogram of hydrocracking liquid product with SBA-15 

 

Table 3 Compositions of hydrocracking liquid product with SBA-15 

 

 

 

  



 

Figure 19 Chromatogram of hydrocracking liquid product with NiO/SBA-15w 

 

Table 4 Compositions of hydrocracking liquid product with NiO/SBA-15w 

 

  



 

Figure 20 Chromatogram of hydrocracking liquid product with NiO/SBA-15c 

 

Table 5 Compositions of hydrocracking liquid product with NiO/SBA-15c 

 

 

  



 

Figure 21 Chromatogram of hydrocracking liquid product with Ni/SBA-15w 

 

Table 6 Compositions of hydrocracking liquid product with Ni/SBA-15w 

 

  



 

Figure 22 Chromatogram of hydrocracking liquid product with Ni/SBA-15c 

 

Table 7 Compositions of hydrocracking liquid product with Ni/SBA-15c 

 

 

  



 

Figure 23 Chromatogram of double step hydrocracking liquid product with Ni/SBA-15w 

 

Table 8 Compositions of double step hydrocracking liquid product with Ni/SBA-15w 

 

  



ESI 5 Catalysts characterization using TEM 
 

 

Figure 24 TEM image of SBA-15 

 

Figure 25 TEM image of NiO/SBA-15c 



 

Figure 26 TEM image of NiO/SBA-15w 

 

Figure 27 TEM image of Ni/SBA-15c (A) before and (B) after hydrocracking of pyrolyzed α-cellulose 

 

Figure 28 TEM image of Ni/SBA-15w (A) before and (B) after hydrocracking of pyrolyzed α-cellulose 


