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Biomass-derivatives are typically highly functionalized molecules with high reactivity and high 

solubility in water, which are more suitably processed in aqueous-phase reactions. Recently, 

researchers have succeeded in catalytically converting biomass-derived molecules to hydrocarbon 

and valuable chemicals in aqueous-phase reactor [1]. However, conventional catalysts and supports 

suitable for gas phase reactions may not be suitable for an aqueous phase reaction at temperatures in 

excess of 473 K [2,3]. Consequently, a central challenge for production of biorenewable fuels and 

chemicals is the development of catalytic materials that are hydrothermally stable during aqueous-

phase reactions.  

 

Niobia is a solid catalyst that can be used extensively in important biomass reactions, such as 

dehydration, aldol condensation, hydrolysis and ketonization. Recent results revealed that a 

commercial bulk niobia catalyst crystallized and deactivated quickly under a high-water 

environments when the temperature was higher than 200 
o
C [2,4]. To resolve this problem, here, we 

reported a simple method to prepare niobia/carbon catalyst with a superior hydrothermal stability in 

aqueous phase reaction. The highly dispersed niobia catalyst (Nb/CS-HT) with niobia particles 

capped by carbon was prepared by d-glucose dehydration using a hydrothermal method at 200-300 
o
C. Niobium loadings varied from 1 to 20 wt.%. The typical TEM images of the prepared catalyst 

were shown in Fig. 1. As can be seen, niobia particle with a size of 5-8 nm capped by carbon was 

found for 1Nb/CS-HT and 5Nb/CS-HT catalysts (Fig. 1a and b).  

 

The catalytic activity and hydrothermal stability of the synthesized Nb2O5/carbon materials were 

investigated in butanol dehydration under 240 
o
C and 51 bar (liquid phase). As shown in Fig. 1c, a 

commercial amorphous niobia (HY-340) deactivated quickly with time on stream. In comparison to 

the HY-340, 5Nb/CS-HT catalyst shows a comparable activity and 10Nb/CS-HT shows a higher 

activity. When the Nb loading was increased to 20 wt.%, the obtained 20Nb/CS-HT exhibited the 

highest initial activity, while it deactivated rapidly with time on stream compared to the other stable 

Nb/CS-HT catalysts. The TEM/STEM results for the spent catalyst (i.e. after reaction) showed that 

the amorphous niobia crystallized (Fig.2a), leading to the decreased activity [4]. No change was 

found for the spent 5Nb/CS-HT and 10Nb/CS-HT after reaction (Fig.2b and c), compared to the 

catalyst before reaction. Thus, the superior hydrothermal stability of the two catalysts was ascribed 

to the capping effect of the carbon support. The STEM image of the spent 20Nb/CS-HT revealed 

that some of the niobia particle crystallized after the reaction (Fig.2d). Thus, the deactivation of 

20Nb/CS-HT with time-on-stream is possibly due to a too high Nb loading such that carbon cannot 

completely encapsulate the niobia particles. Some of the niobia particles could be located on the 

external surface of carbon, thus forming the large crystalline niobia particles during reaction. The 



present result indicated that the niobia capped by carbon prepared by hydrothermal method is a 

simple and effective method to prepare hydrothermally stable niobia catalyst [5]. 
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Fig. 1. (a) and (b) TEM images of carbon-capped niobia catalysts and (c) the production rate of 

butene as a function of time on stream for the niobia/carbon catalysts. 

 

     
Fig. 2. TEM/STEM images of spent niobia and Nb/CS-HT catalysts after butanol dehydration in an 

aqueous phase reactor at 240 
o
C and 51 bar. 


