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1. Introduction:
Gradual decrease in fossil fuel resources and the impairment of environment and its ecosystem, researchers have been looking at more abundant and renewable energy sources. Biomass is one of the readily available renewable resources. Lignocellulose is one of the important parts of cellulosic biomass that can be used to prepare fuels and industrial chemicals to replace petroleum derived chemicals/fuels. Among the different possible chemicals from biomass, furfural is one of the important chemical. This can be readily converted in to furfural alcohol. Conversion of furfural alcohol to alkyl levulinate is an important transformation as these levulinates are identified as top 10 bio refinery candidates. Alkyl levulinates has similar property to biodiesel fatty acid methyl ester as it is a kind of short chain fatty esters. Alkyl levulinates have extensive applications as fuel additives and flavouring agents. Alkyl levulinates are used in the synthesis of drug and chemical industries, since it contains both ketone and ester groups which makes them good building blocks [2]. Alkyl levulinates can be synthesized by the acid catalyzed alcoholysis of furfuryl alcohol. In the present study a series of Zn exchanged tungstophosphoric acid supported on niobia catalysts are prepared and studies for their activity in the synthesis of butyl levulinates from furfural alcohol. 
2. Material and Methods:
Zn (NO3)2, phosphotungestic acid (TPA). Nb2O5, Furfuryl alcohol (98% for GC), and 1-butanol (99.8% for HPLC grade) was supplied by Sigma Aldrich. 
Zn exchanged TPA catalysts were prepared by a titration method as reported in the literature. The required quantity of TPA dissolved in a minimum amount of distilled water and to a calculated amount of aqueous Zn(NO3)2 solution was added drop wise. The resulting mixture was aged for 1 h at 80 °C. The excess water was evaporated to dryness on a water bath. The obtained catalyst mass was oven dried at 120 °C over night and calcined at 300 °C for 2 hours[3].The Zn1TPA catalyst were supported on Nb2O5 by adopting impregnation method. The obtained mass after impregnation was oven dried at 120 °C over night and calcined at 300 °C for 2 hours. The catalysts were characterized by XRD, TPD of ammonia, Laser Raman, FT-IR etc. 
All the reactions were performed in a 25 mL round bottom flask equipped with magnetic stir bar was charged with furfuryl alcohol (98 mg, 1 mmol), n-butanol (6 ml) and 20wt%Zn1TPA/Nb2O5 catalyst (300 mg). Then, the reaction was monitored at reflux condition for 4 h. The products were analysed by a gas chromatograph (Shimadzu 2010) equipped with a flame ionization detector using an inno wax capillary column (diameter: 0.25 mm, length: 30 m). The products were also identified by GC-MS (Shimadzu, GCMS-QP2010S) analysis.


3. Significant Results and Discussion:
A series of Zn1TPA supported on Nb2O5 catalysts were characterized by TPD of NH3 and the patterns are shown in Fig. 1. The main desorption peaks were observed in the range of 120–300 °C and 300–450 °C corresponding to weak and moderate acidic sites, respectively. Another strong desorption peak observed in the range of 450–700 °C was related to strong acidic sites. With the increase in loading of the intensity of the high temperature desorption peak is also increased.  The 20%Zn1TPA/Nb2O5 catalyst exhibited high acidity compared to other catalysts. The total acidity of the catalysts was calculated from TPD of ammonia and the results are presented in Table 1. 
[image: ]Table 1. Acidity values of Zn1TPA/ Nb2O5 catalysts                                      
	
      Catalyst
	
   Acidity

	5%Zn1TPA/Nb2O5
	     0.22

	10%Zn1TPA/Nb2O5
	    0.369

	15%Zn1TPA/Nb2O5
	    1.725

	20%Zn1TPA/Nb2O5
	    1.845

	25%Zn1TPA/Nb2O5
	    1.28






         Fig. 1.TPD of ammonia profiles of Zn1TPA/ Nb2O5 catalysts
                   (a)5%, (b) 10% (c) 15% (d) 20% (e) 25%

The catalytic activity of Zn1TPA/Nb2O5 catalysts was examined for the conversion of furfuryl alcohol into butyl levulinate and the results are presented in Table 2. The catalysts showed almost complete conversion of furfuryl alcohol. However, the yield of butyl levulinate increased with increase in Zn1TPA loading on niobia. The maximum yield was achieved for the catalyst with 20%Zn1TPA on Nb2O5 which exhibited highest acidity among all the catalysts. Further the activity profiles of the catalysts were discussed based on the physic-chemical properties of the catalysts. The influence of different reaction parameters and reusability of the active catalysts was also studied.        
[bookmark: _GoBack]Table 2.  Activity profiles of Zn1TPA/ Nb2O5  catalysts
	
           Catalyst
	
      FA conversion
	
 Butyl levulinate
	
 byproduct

	5%Zn1TPA/Nb2O5
	         100
	           56
	        44

	10%Zn1TPA/Nb2O5
	         100
	           62
	        38

	15%Zn1TPA/Nb2O5
	         100
	          88
	         8

	20%Zn1TPA/Nb2O5
	         100
	          92
	        12

	25%Zn1TPA/Nb2O5
	         100
	           80
	        10




 


4. Conclusions: 
Niobia supported zinc exchanged heteropolytungstate catalysts were prepared and evalauted for the selective conversion of furfuryl alcohol to butyl levulinate. The activity of the catalysts depended on the acidity of the catalysts which depended upon the loading of Zn1TPA on Nb2O5. Different reaction parameters are evaluated and optimum reaction conditions were established. 
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