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Table S1. Physicochemical characteristics of W-free samples, 0W-yZrSi, prepared by NHSG. 
 
Catalyst Zr/(Zr+Si) atomic 

ratio (EDX) 
Surface area,  Pore diameter,  Pore volumen,  TPD-NH3  FTIR 

Pyridineadsorption 

 % m2g-1 nm cm3g-1 𝝁𝝁mol NH3/g 𝝁𝝁mol NH3/m2 B /(B+L) 

0W-Si 0 583 11.9 1.28 107 0.18 - 

0W-10ZrSi 10.1 334 4.2 1.2 859.9 2.6 0.23 

0W-20ZrSi 19.6 274 3.0 0.6 - - 0.13 

0W-40ZrSi 37.9 233 2.1 0.3 - - 0.12 

0W-Zr 100 50 4.5 0.1 - - - 

 
 
  



 

 
 
Fig.S1. Adsorption-desorption isotherm hysteresis of different catalysts prepared by 

non-hydrolytic sol gel method. A) 0W-10ZrSi (a); 0W-20ZrSi (b); 0W-40ZrSi 
(c) and ZrO2 (d); B) 5W-Si (a); 15W-Si (b), 35W-Si  (c) and  WO3 (d); C) 5W-
10-ZrSi (a); 15W-10ZrSi (b): and  35W-10ZrSi (c); D) 15W10-ZrSi (a); 15W-
20ZrSi] (b); 15W-40ZrSi]  (c); and 15W-Zr (d). 
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Figure S2. A) XRD patterns of W-containing catalysts of 15W-yZrSi series: a) 15W-
10ZrSi; b) 15W-20ZrSi; 15W-40ZrSi; 15W-Zr.  
B) XRD patterns of W-containing catalysts of xW-Zr series: a) 5W-Zr; b) 
15W-Zr; c) 35W-Zr. 
C) XRD patterns of W-free samples: a) 0W-10ZrSi; b) 0W-20ZrSi; c) 0W-
40ZrSi; 0W-Zr 
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Figure S3. Raman spectra of W-containing catalysts with different Zr/Si ratio: a) 15W-
Si; b) 15W-10ZrSi; c) 15W-20ZrSi; d) 15W-Zr. 
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Fig. S4. FTIR Spectra of W-containing catalysts: a) xW-Si series; b) xW-10rSi series; 

c) xW-yZrSi series. 
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Fig. S5. TPD-NH3 profiles of 15W-yZrSi catalysts (y = 0, 10, 20, 40). 
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Table S2. Acidic properties of catalysts prepared by NHSG. 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 
 

 

 

 

 

 

 

a B: amount of Brönsted acid sites, L: amount of Lewis acid sites 
 
 

 
 

  

Catalyst TPD- NH3 B/(B+L)a 

 μmolNH3 g-1 μmolNH3 m-2 FTIR (pyridine) 

 0W-Si 107 0.184 n.d. 

5W-Si 455 0.588 0.19 

15W-Si 564 1.190 0.21 

35W-Si 371 1.344 0.29 

50WSi n.d. n.d. 0.15 

75W-Si n.d. n.d. n.d. 

WO3 57.2 1.907 n.d. 

0W10ZrSi 860 2.575 n.d. 

5W-10ZrSi 825 1.299 n.d. 

15W-10ZrSi 817 1.865 0.18 

35W-10ZrSi 790 2.959 0.40 

50W-10ZrSi 604 5.345 n.d. 

75W-10ZrSi n.d. n.d. n.d. 

15W-20ZrSi 712 2.132 n.d. 

15W-40ZrSi 590 2.554 0.31 

15W-Zr 378 2.681 n.d. 



 

 

 

 

Fig. S6. FTIR of adsorbed pyridine spectrum of W-free samples, i.e.  yZrSi materials. 
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Fig. S7. W 4f core-level XPS spectra of 15W-yZrSi catalysts: a)15W-20ZrSi; 
b)15W40ZrSi; and c) 15W-Zr. 
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Table S3. Catalytic performance of WSi catalysts prepared by NHSG.  

 Conversion Yield 
Acrolein 

Selectivity      C-balance 

Samples  (%)  (%) Acrolein 

 

Acetaldehyde Acrylic 
Acid 

Acetic 
Acid 

COx Others  (%) 

 0W-Si 71.0 5.9 8.3 0.0 0.1 0.1 16.6 9.1 38.0 

5W-Si 90.8 69.8 76.8 0.8 0.4 1.7 2.6 2.7 93.6 

15W-Si 100 82.2 82.2 2.5 0.8 6.0 4.1 0.8 96.3 

35W-Si 100 90.1 90.1 3.0 0.2 5.5 4.1 0.2 103.1 

50W-Si 100 74.0 74.0 3.5 0.8 5.8 9.5 0.1 93.8 

75W-Si 100 74.4 74.4 3.1 0.9 8.2 9.9 0.8 97.2 

WO3 99.8 78.9 79.0 2 0.1 0.7 10.4 0.6 93.8 

 

1) Experimental conditions: 0.3 g catalyst; contact time, W/F, of 110gcath (molglycerol)-1; Glyc/H2O/O2/He molar ratio of  2/40/4/54; Data measured after 
90 min. on stream. 

2) Carbon oxides, CO and CO2. 

 
 

  



Table S4. Catalytic performance of xW-10ZrSi and 15W-yZrSi catalysts prepared by NHSG. 1 

 W-
content 

Zr-
content 

Glycerol 
Conversion 

Yield 
Acrolein 

 Selectivity (%) C-balance 

Samples (%) 2 (%) 3 (%)  (%)  Acrolein Acetaldehyde Acrylic 
Acid 

Acetic 
Acid 

COx
4 Others  (%) 

             

  0W-10ZrSi 0 10.1 78.2 53.0  67.8 8.9 0.5 9.7 6.7 9.1 38.0 

 5W-10ZrSi 3.6 9.1 88.4 67.3  76.1 8.8 0.2 4.2 2.3 9.2 103 

15W-10ZrSi 15.1 9.5 99.9 79.1  79.1 5.6 0.3 3.2 2.6 6.0 99.5 

35W-10ZrSi 36.6 12.2 99.1 83.1  83.8 5.8 0.1 7.2 3.5 1.2 100.6 

50W-10ZrSi 45.8 12.2 99.6 76.2  76.5 2.6 0.4 5.6 4.5 1.4 91.1 

75W-10ZrSi 71.2 10.4 100 76.9  76.9 3.1 0.6 7.0 9.1 0.7 97.5 

             

15W-20ZrSi 13.9 18.0 100 75.0  75.0 3.46 0.25 3.06 2.3 4.1 90.8 

15W-40ZrSi 15.1 39.0 100 82.4  82.3 5.58 0.11 2.33 2.4 3.9 99.3 

15W-Zr 13.3 100 100 70.2  70.2 4.60 0.39 7.97 5.1 3.1 92.8 

1) Experimental conditions: 0.3 g catalyst, contact time, W/F, 110gcath (molglycerol)-1 ;  Glyc/H2O/O2/He molar ratio of  2/40/4/54; Data measured after 90 
min. on stream; 2) W-content as W/(W+Zr+Si) atomic ratio in %; 3) Zr-content as Zr/(Zr+Si) ratio in %; 4) Carbon oxides, CO and CO2. 

 

  



Table S5. Catalytic performance of pure and mixed oxides catalysts prepared by NHSG. 1 

Samples Glycerol 
Conversion 

Yield 
Acrolein 

 Selectivity (%) C-balance 

  (%)  (%)  Acrolein Acetaldehyde 

 

Acrylic 
Acid 

Acetic 
Acid 

COx
2  Others  (%) 

0W-Si 71.0 5.9  8.3 0.0 0.1 0.1 16.6  9.1 38.0 

0W-10ZrSi 78.2 53.0  67.8 8.9 0.5 9.7 6.7  0.9 100.4 

0W-20ZrSi 99.9 48.29  48.32 2.1 0.1 2.9 1.4  11.8 67.1 

0W-40ZrSi 98.1 38.3  39.0 2.7 0.2 2.8 1.6  23.7 70.1 

0W-Zr 89.8 13.1  14.6 2.8 2.0 1.3 7.7  40.5 69.0 

 
1) Data measured after 90 min. on stream. Experimental conditions: 0.3 g catalyst; contact time, W/F, of 110gcath (molGLY)-1; Glycerol/H2O/O2/He molar 

ratio of 2/40/4/54. 
2) Carbon oxides, CO and CO2. 

 
 
 



 
 
 
 


