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Catalyst characterization

The apparent morphology of the sulfated zirconia catalysts after calcination at 550 oC 

was examined by means of SEM; the result is shown in Fig. 1S. In the absence of sulfur (ZrO2), 

a rod-like structure with a smooth surface was formed. Incorporating ammonium sulfate into the 

ZrO2 cluster leads to a significant change in the shape and surface of the catalysts. At low sulfur 

content (5S-ZrO2, 10S-ZrO2 and 15S-ZrO2), the catalysts appear to possess a rough surface with 
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a lot of voids. When sulfur content is increased from 15 to 30 wt%, the surfaces of the catalysts 

become rougher and the void sizes were significantly expanded. This indicates that the presence 

of ammonium sulfate acts as a space-filling agent, which possibly leaves an empty space during 

the calcination process. Note that the increase in the void size with increasing sulfur content is 

consistent with the results of the pore size distribution previously mentioned in Fig. 1.  

  

  

Figure 1S  SEM images of sulfated zirconia catalysts calcined at 550 oC.

The XRD patterns of the calcined sulfated zirconia catalysts prepared at different sulfur 

loading contents are presented in Figure 2S. The XRD pattern of pure zirconia appears the 

major peaks at 2θ angles of 24.1, 28.2, 30.1, 31.4, 34.1, 34.3, 49.3, 50.1, 50.2 and 60.0o 

corresponding to the presence of a mixture of monoclinic and tetragonal phases. The XRD 

pattern of the sulfated zirconia catalysts shows 2θ angles identical to those of the pure zirconia. 

However, the peak intensities of the sulfate modified zirconia catalysts gradually decrease with 

increasing sulfur content, implying that the ZrO2 becomes less crystalline. This suggests that the 
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presence of the sulfate species acts as a building block unit which prevents the agglomeration of 

the ZrO2 nanoparticles and results in the suppression of phase transformation.  
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Figure 2S XRD patterns of the sulfated zirconia catalysts calcined at 550 oC.


