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Abstract 

 To decrease the dependence on crude oil, biomass derived liquid transportation fuels 

are highly desirable. Butyl levulinate is potential cellulose-derived biofuel additive with 

properties similar to diesel and low water solubility. Herein we report direct one-pot production 

of levulinic acid ester, butyl levulinate from furfuryl alcohol by alcoholysis using n-butanol. 

The partial tin exchanged tungstophosphoric acid (TPA) supported on montmorillonite K-10 

catalysts showed facile alcoholysis of furfuryl alcohol to levulinate ester under mild 

temperature conditions. Partially, exchanging the H+ ion of TPA with Sn (x = 1) resulted in 

enhanced acidity of the catalyst and showed an increase in the catalytic activity as compared 

to TPA/K-10 catalyst. A series of tin exchanged tungstophosphoric acid (20% w/w) supported 

on montmorillonite K-10 clay (Snx-TPA/K-10, where x = 0.5-1.5) were synthesized and 

thoroughly characterized by using XRD, FT-IR, UV-VIS, titration and SEM techniques. 

Among various catalysts, Sn1-TPA/K-10 was found to be the most active catalyst for butyl 

levulinate synthesis. Two different clay supports and varying tin loadings were used to study 

the effects on surface acidity as well as catalytic activity in butyl levulinate synthesis. Effects 

of different reaction parameters were studied and optimized to get high yields of butyl 

levulinate. Under mild reaction conditions at 110°C, complete conversion of furfuryl alcohol 

with 98% selectivity to butyl levulinate was achieved. The prepared catalyst could be recycled 

at least five times without significant loss of activity. The overall process is green and clean.  

 

Keywords: Butyl levulinate, furfuryl alcohol, tungstophosphoric acid, montmorillonite K-10 

Heteropoly acids, biofuels 
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1. Introduction 

 In recent times, the rise in energy demand and depletion of fossil fuel reserves has led 

to an increased attention to biomass as the potential resource for alternative energy and biofuels 

[1]. Apart from sustainable energy, biomass is also a key feedstock for production of a variety 

of value-added chemicals, which makes the biomass-derived fuel processes more economic 

[2–4]. To reduce the dependency on non-renewable resources, European Union and US 

governments have set targets to utilize renewable resources to produce up to 20% of fuel and 

25% of chemicals [5]. Lignocellulosic biomass is most abundant and promising feedstock for 

production of chemicals and biofuels. The main components of Lignocellulosic biomass are 

cellulose (40-50%), hemicellulose (25-30%) and lignin (15-20%) on weight basis [6,7]. 

Cellulose and hemicellulose can be easily converted into respective sugars, which are useful 

raw material to synthesise various chemicals, fuel additives and biofuels [8,9]. Alkyl 

levulinates (AL) have received significant attention in recent time due to the unique properties 

such as stable flashpoint, high lubricity, nontoxic nature and better flow properties under cold 

conditions [10,11] These properties make them an important value-added chemicals especially 

as a fuel additives [9,12]. Also, AL are useful to synthesize chemicals and drug intermediates, 

in flavors and fragrance, in plasticizer industries and as a solvent [12–17]  

Particularly, butyl levulinate (BL) has high oxygen content, high octane number, low 

water solubility and physical properties similar to diesel [13,18]. BL is also used in flavours 

and fragrances, and is approved by the food and drug administration of the USA (FDA) [14]. 

The synthesis of BL can be performed using various routes starting from raw biomass, 

carbohydrates, levulinic acid, furfuryl alcohol and 5-hydroxymethylfurfural. Low cost of 

furfuryl alcohol (FAL) as compared to levulinic acid, makes direct one-pot BL synthesis from 

FAL lot more attractive [10]. Several homogenous and heterogenous catalyst have been 

reported for synthesis of BL from FAL, however a number of recyclability and environmental 

issues have attracted the replacement of homogeneous catalyst with heterogeneous solid acid 

catalysts such as sulfonic acid functionalized ionic liquids[19], Al2O3/SBA-15 [5], Al-TUD-1 

[20], double SO3H-functionalized ionic liquids [21], organo-inorganic hybrid catalyst [22], 

ion-exchange resin [23], zinc exchanged tungstophosphoric acid supported on niobium oxide 

[14] and zeolites [24]. Most of these catalysts are either expensive, hard to regenerate, less 

active, require high catalyst to substrate ratio, or need tedious method of preparation, making 

it unsuitable for commercialization. 
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Supported heteropoly acids (HPAs) are known to be very efficient heterogeneous 

catalysts for a range of acid catalysed as well as oxidation processes[25–29]. Amongst many 

structures of HPAs, Keggin ion, in particularTungstophshphoric acid (TPA) is found to be more 

acidic and active solid acid catalyst for application in various acid catalysed reactions. However 

all HPAs are highly soluble in polar solvents and possess poor surface areas. To overcome such 

limitations and achieve higher dispersion, either they are immobilised on different supports 

and/or protons are partially or fully substituted with metal ions [23]. Different metal ions such 

as Cu, Cs, Pd, Ag, Al and Sn have been used to replace the H+ ions in TPA [24,25]. Different 

supports such as silica, alumina, titania, tin oxide, niobia oxide and K-10 have been used to 

make solid acid catalysts for a range of organic transformations [23,26]. Unsupported Sn 

exchanged TPA was prepared by Lingaiah et al and showed high activity for benzylation of 

arenes [34]. However, unsupported catalysts are difficult to recover, and recycle due to loss of 

catalytic activity upon agglomeration. K-10 with higher surface area and acidic nature is 

advantageous to get better dispersion of Keggin ions to improve the catalytic activity vis-a-vis 

unsupported HPAs.  

To the best of our knowledge tin exchanged TPA as a supported catalyst for alcoholysis 

of furfuryl alcohol have not been explored yet. The current work aims at synthesis of tin 

exchanged tungstophshphoric acid supported on K-10 with different amount of tin and its 

activity toward synthesis of butyl levulinate (BL) from furfuryl alcohol (FAL) and 1-butanol. 

The catalyst was thoroughly characterised to correlate the activity of catalyst for the BL 

synthesis. The reaction parameters were optimized.  

 

2. Experimental Section  

2.1 Chemicals   

 All chemicals were of AR grade and used without any further purification. 

Montmorillonite K-10 clay, Tungstophosphoric acid hydrated and tin chloride were obtained 

from Sigma Aldrich, UK. Furfuryl alcohol, methanol and 1-butanol were procured from Alfa 

Aesar. All catalysts were prepared and tested in house. 

2.2 Preparation of catalyst 

  All catalysts were prepared by incipient wetness impregnation method and the loading 

of tungstophoshphoric acid (TPA) on K-10 was 20% w/w. Tin exchanged TPA supported on 

K-10 catalysts, 20% w/w SnxH3-x PW12O40/K-10 (Snx-TPA/K-10) with x varying from 0.5 to 

1.5 were prepared in two steps of impregnation. Firstly, tin with varying amount was loaded 

on K-10. Around 5 g of support (K-10) was dried for 3 h in oven at 120°C to remove moisture. 
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The required amount of Sn(II)Cl2 was dissolved in methanol (5 ml) and then added in 1 ml 

quantity each time as tin precursor to dried K-10 (4 g). After each addition the solid was 

kneaded thoroughly to get free flowing powder.  The obtained solid material was then dried at 

90°C for 5h to remove methanol. In the second step, the desired amount of TPA dissolved in 

methanol (5 ml) was added to the dried powder of tin loaded K-10 clay, using same procedure 

as stated above to get nearly dry solid material.  The resultant material was then dried at 120°C 

for 12 h in tubular furnace under flowing air, followed by calcination at 300°C for 3 h to get 

active 20% w/w Snx-TPA/K-10 catalyst. The resultant 20% w/w Snx-TPA/K-10 catalyst was 

stored in air tight bottle. 20% w/w tin exchanged TPA supported on bentonite clay catalyst was 

also prepared by using same method as above. 20% (w/w) TPA/K-10 catalyst was prepared by 

directly following the second step of the preparation method.   

2.3 Catalyst characterization 

 20% w/w tin exchanged TPA supported on K-10 and bentonite, and 20% w/w TPA 

supported on K-10 catalysts were characterized by X-ray diffraction, framework IR, UV-Vis 

and SEM analyses as well as surface acidity measurement. The X-ray scattering measurements 

were made with PANalytical X-Pert Pro MPD diffractometer with Ni filtered CuKα radiation 

(1.5405 A°).  The diffractograms were recorded with step size of 0.016° from 5° to 80°. FT-IR 

spectra of samples were recorded on a Perkin-Elmer Fourier Transform Infrared Spectrometer. 

Thin transparent wafer like pellets were prepared by mixing 1mg of catalyst with 100 mg of 

dried KBr and subsequent pressing.The UV-Vis spectral characterization was done using 

Shimadzu UV-1280 03540 spectrometer. SEM images were collected on FEI Quanta FEG 250 

Scanning Electron Microscope. The acidity of prepared catalysts was measured by acid-base 

titration method as reported earlier [35,36]. The solid catalysts were stirred in 25 mL of 0.1M 

NaOH solution for 6 h, and then titrated with 0.1 M HCl solution to get the acidity of samples.   

2.4 Reaction Procedure 

 All the reactions were performed in 20 ml glass reactor equipped with magnetic stirrer. 

Appropriate quantities of the reactants, FAL and 1-butanol were taken in a reactor and placed 

in oil bath at 110°C and agitated. Reaction mixture was stirred for 2 min at 1000 rpm and then 

a zero hour sample was taken. Catalyst was added and stirring started again, the reaction was 

carried out for 5 h and samples were taken periodically for analysis. The reaction mixture was 

analysed by using HP-5 capillary column in Agilent 7820A GC equipped with an FID detector. 

The products were identified by GC-MS, synthetic mixtures were prepared and used for 

quantification of the data.  
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3. Results and discussion  

3.1 Catalyst Characterization:  

3.1.1 X-ray diffraction spectroscopy 

 The X-ray diffraction patterns of all catalysts including K-10 clay, 20% w/w TPA 

supported on K-10, 20% w/w tin exchanged TPA supported K-10 with x = 0.5 to 1.5, and 

reused 20% w/w Sn1TPA supported on K-10 were recorded and are shown in Figure 1. X-ray 

diffraction pattern of unsupported TPA and Sn1TPA is also shown as an insert in Figure 1. 

TPA and unsupported Sn1TPA showed crystalline nature, as can be seen in the insert in Figure 

1. However, peak intensity decreased after proton exchange with tin indicating the decrease in 

crystallinity. X-ray diffraction pattern of K-10 showed peaks at 20° and 35° attributed to 110 

and 105 facets of montmorillonite[29,37].  Apart from that all the other peaks are due to 

impurities and other materials present in the K-10. This includes quartz (peak at 21.1°, 26.5°, 

50.1°,59.8°), feldspar (peak at 27.9°) and phengite (peaks at 36.6°,42.5°,45.6°), which confirms 

that K-10 is made of different phases as reported earlier[37–40]. X-ray diffraction patterns of 

TPA, and tin exchanged TPA supported on K-10 were similar to those of the corresponding K-

10. This could be attributed to uniform distribution of Keggin anion in the non-crystalline form 

because of the interaction with the surface of K-10 clay [25,29]. The X-ray diffraction pattern 

of reused and fresh 20% w/w Sn1TPA supported on K-10 catalysts were almost identical which 

confirmed the stability of the catalyst after reactions.  
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Figure 1. X-ray diffraction patterns of different catalysts (a) K-10 clay, (b) TPA/K-10,(c) Sn0.5-

TPA/K-10 (d) Sn1-TPA/K-10 (e) Sn1.5-TPA/K-10 (f) reused Sn1-TPA/K-10.  Insight figure i) 

TPA, ii) Unsupported Sn1-TPA 

 

3.1.2 Fourier-transform infrared spectroscopy (FT-IR) 

 FT-IR spectra of all catalyst samples are shown in Figure 2. It exhibits characteristic 

bands at 790, 891, 987 and 1081 cm-1 related to Keggin structure of TPA, assignable 

respectively to the stretching vibration of edge sharing W-O-W, corner sharing W-O-W, W=O 

terminal and P-O bonds of Keggin ion structure in pure TPA [19,26]. FT-IR spectra of K-10, 

TPA/K-10 and tin exchanged TPA supported on K-10 were similar. The K-10 shows the 

intense band at 1010 cm-1 corresponding to Si-O out of plane stretching while shoulder at 935 

cm-1 is due to Si-O in-plane stretching vibration[37]. The FT-IR band in the region of 3410cm-

1 is due to asymmetric stretching of the -OH group while the band in the region of 1600-1700 

cm-1 corresponds to bending vibration of -H-O-H bonds[40]. All catalyst shows the same bands 

as corresponding to K-10 because the bands related to Keggin ion of TPA were superimposed 

by K-10 bands in the region of 700-1100 cm-1 as reported earlier.[41,42]  FT-IR spectra of 

reused and fresh catalysts were also same, and no additional bands were observed. This 

indicates the supported Keggin anion is stable under reaction conditions.  
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Figure 2.   FT-IR spectra of catalysts (a) TPA, (b) K-10 clay, (c) TPA/K-10, (d) Sn0.5-TPA/K-

10, (e) Sn1-TPA/K-10, (f) Sn1.5-TPA/K-10, and (g) reused Sn1-TPA/K-10. 

 

 

3.1.3 UV-VIS Spectroscopy 

 UV-VIS spectra of K-10, TPA and TPA/K-10 are shown in Figure 3. K-10 showed no 

absorption bands indicating there is no absorbance of light. TPA showed two absorption bands 

at 204 nm and 265 nm. These bands could be attributed to the charge transfer from terminal 

oxygen to tungsten and the charge transfer from bridge oxygen to metallic tungsten 

respectively. These bands are characteristic bands of the TPA polyanionic structure [29].  20% 

w/w Sn1TPA/K-10 showed the two bands which confirmed that the Keggin ion is intact and 

supporting TPA on K-10 does not affect the structure of TPA.  

 

Figure 3. UV-VIS of catalysts (a) TPA, (b) Sn1-TPA/K-10 (c) K-10 clay 

3.1.4 SEM  

 The surface morphology of the catalysts was evaluated from SEM analysis. The SEM 

images of 20% w/w Sn1-TPA/K-10, fresh and reused catalyst at different magnifications are 

shown in Figure 4. These catalyst samples show particles of irregular morphology, which are 

fairly uniform in size. The images of 20% w/w Sn1-TPA/K-10 show the smooth surfaces, which 

is similar to the K-10 [26]. The reused and fresh catalyst does not show difference in 
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morphology which along with x-ray diffraction patterns confirms the structural stability of 

catalyst after reuse.  

 

 

Figure 4. SEM images of fresh and recovered catalysts (a, b) 20% w/w Sn1-TPA/K-10, (c, d) 

reused 20% w/w Sn1-TPA/K-10.   

 

(a) (b) 

(c) (d) 



10 
 

O

OH O

O

CH3

CH3

O CH3

O

O

n-butanol

Furfuryl alcohol

2-butoxymethyl furan(BMF)

5,5-dibutoxy-2-pentanone (DBP)

CH3

O

O

CH3

O

CH3

n-butyl levulinate (BL)

H 2
O

H 2
O

H 2
O

n-butanol

H
2 O

n-b
utanol

 

Scheme 1: Synthesis of BL from Furfuryl alcohol  

3.2 Efficacy of different solid acid catalysts 

  The catalytic activity of various catalysts is compared on the basis of the %yield of BL, 

since the synthesis of butyl levulinate from furfuryl alcohol is a two-step reaction. The first 

step is formation of intermediates, 2-butoxymethyl furan (BMF) and 5,5-dibutoxymethyl furan 

(DBP), which is a very fast reaction (Scheme 1). The second step, subsequent conversion of 

intermediates to BL, is relatively slower as compared to the first step of consumption of FAL. 

As reported in earlier reports [14,15,44], the formation of BL can directly be corelated with 

activity of the catalyst hence we have considered the yield of BL as a parameter for comparison. 

The performance of different catalysts such as tin exchanged TPA supported on K-10, TPA 

supported on K-10, bentonite clay and K-10 were evaluated for butanolysis of FAL (Table 1). 

Two different clays as catalyst support were first used to compare their activity for butanolysis 

of FAL. K-10 clay as catalyst showed 100% FAL conversion with 23.2% yield of BL in 150 

min, while the use of bentonite clay catalyst resulted in 60% FAL conversion with 1.2% BL 

yield. The better activity of K-10 clay over bentonite clay is due to higher acidity of K-10, 

hence K-10 was used as catalyst support for impregnation of TPA and tin exchanged TPA. 

  

 The efficacy of different TPA supported catalyst was compared on the basis of the yield 

of BL as the furfuryl alcohol conversion was found to be 100% in all cases (Table 1). 20% 

w/w TPA supported on K-10 showed 42.4% BL yield (entry 3), while exchange of H+ ion with 

tin (x=0.5) resulted in higher yield of BL. 20% w/w Sn0.5-TPA/K-10 showed 52.6% yield of 

BL. Further replacement of proton with Sn (x=1) resulted in increase in overall activity of 

catalyst with 72.6% yield of BL at (entry 5). A subsequent increase in Sn amount up to x = 1.5, 

resulted in complete removal of H+ which showed lower activity (entry 6). The efficacy of 
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catalysts was in following order: bentonite clay (least) < K-10 < 20% w/w TPA/K-10 < 20% 

w/w Sn1.5-TPA/K-10 < 20% w/w Sn0.5-TPA/K-10 < 20% w/w Sn1-TPA/K-10 (highest). The 

activity could directly be correlated with the acidity of catalyst as measured by titration method. 

The acidity of catalyst was also in the same order as the efficacy: bentonite clay (least) < K-10 

< 20% w/w TPA/K-10 < 20% w/w Sn1.5-TPA/K-10 < 20% w/w Sn0.5-TPA/K-10 < 20% w/w 

Sn1.0-TPA/K-10 (highest). The Bronsted acidity of TPA is due to the proton conductivity in 

Keggin structure and exchanging the protons with metal ions results in the presence of both 

Bronsted as well as Lewis acidity as elucidated previously in literature.[45,46] Exchanging the 

protons of TPA in its secondary structure improves the proton mobility and thus increases the 

acidity of prepared catalyst.[46] With exchange of Sn in the secondary structure of TPA will 

have the same effect and hence results in increase in the acidity of catalyst as explained earlier.  

All further experiments for optimisation of the process conditions were carried out using 20% 

w/w Sn1-TPA/K-10 catalyst.  

 

Table 1. Effect of various catalysts on conversion of furfuryl alcohol and yield of butyl 

levulinate.  

Entry Catalyst Acidity      

(mmol g-1) 

FAL  

Conversion 

(%) 

BL  

Yield (%) 

1 Bentonite clay 0.24 60 1.2 

2 Montmorillonite K-10 clay 0.82 100 23.2 

3 20% w/w TPA/K-10 1.45 100 42.4 

4 20% w/w Sn0.5-TPA/K-10 1.85 100 52.6 

5 20% w/w Sn1-TPA/K-10 2.21 100 72.6 

6 20% w/w Sn1.5-TPA/K-10 1.25 100 36.6 

Reaction conditions: FAL 2.3 mmol, 1-butanol 45.9 mmol, catalyst 0.9 mol%, temperature 

110°C, speed of agitation 1000rpm, reaction time 150 min.  

 

 

3.3 Optimization of reaction parameters:  
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It was desirable to study the influence of various reaction parameters on alcoholysis of 

FAL to optimize the process conditions for maximising the yield of BL. The results are 

compared on the basis of the % yield of BL, as the conversion of FAL was always near 100% 

in very short reaction times. 

3.3.1 Effect of catalyst loading:  

The effect of catalyst loading was studied over a range of 0.3-1.2 mol% by using 20% w/w 

Sn1-TPA/K-10 as catalyst. The increase in catalyst loading resulted in linear increase in the 

yield of BL, which is due to proportional increase in the amount of acid sites (Figure 5a). The 

rate of formation of BL was directly proportional to catalyst loading based on the mol% of 

FAL, which indicates that reaction is free from external mass transfer resistance (Figure 5b). 

At 1.2 mol% catalyst loading, maximum BL yield of 98.4% was achieved and hence this 

catalyst loading was used for further reactions. 

 

Figure 5. Effect of catalyst loading on the (a) % yield of BL, ( ) 0.3 mol%, ( ) 0.6 mol%,         

( ) 0.9 mol%, ( ) 1.2 mol%, (b) initial rate of BL formation. Reaction conditions: FAL 2.3 

mmol, 1-butanol 45.9 mmol, 20% w/w Sn1-TPA/K-10 catalyst, temperature 110°C, speed of 

agitation 1000 rpm, reaction time 300 min.  

 

3.3.2 Effect of mole ratio 

 The effect of FAL to 1-butanol mole ratio was studied over the range of 1:5 to 1:20 by 

using 1.2 mol% of 20% w/w Sn1-TPA/K-10 as catalyst maintaining other reaction parameters 

constant (Figure 6a). The increase in FAL:1-butanol mole ratio results in excess amount of 1-

butanol which acts as solvent and helps to solubilize the formed products and intermediates 
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and frees the catalyst active site easily for further reaction. The reaction rate of formation of 

BL increased linearly with increase in FAL:1-butanol mole ratio from 1:5 to 1:20 (Figure 6b). 

At 1:20 mole ratio of FAL to 1-butanol, maximum yield of BL (98.4%) was achieved, which 

was used as the mole ratio for further reactions.  

 

 
Figure 6. Effect of mole ratio of FAL to 1-butanol on the (a) % yield of BL, ( ) 1:5, ( ) 1:10, 

( ) 1:15, ( ) 1:20, (b) initial rate of BL formation. Reaction conditions: FAL, 1-butanol, 20% 

w/w Sn1-TPA/K-10 catalyst 1.2 mol%, reaction temperature 110°C, speed of agitation 1000 

rpm, reaction time 300 min.  

 

3.3.3 Effect of Temperature 

 The effect of temperature was studied by varying the reaction temperature in the range 

of 90 to 120°C by using 1.2 mol% of 20% w/w Sn1-TPA/K-10 as catalyst maintaining other 

reaction parameters constant. The increase in temperature results in enhanced reaction rate for 

both steps of FAL conversion to intermediates and subsequent conversion of intermediates  to 

BL, indicating that the reaction is kinetically controlled and any diffusion limitation was absent. 

The yield of BL increases with increase in temperature up to 110°C and there after no 

significant change was observed in the yield of BL (Figure 7a). Hence 110°C was chosen as 

an optimum temperature for this reaction under specified condition. The activation energy for 

butyl levulinate formation was estimated from the Arrhenius plot using the initial rate of 

formation of BL (Figure 7b). The apparent activation energy for the formation of BL was 

found to be 36.6 kJ mol-1 using 20% w/w Sn1-TPA/K-10 catalyst. The observed activation 
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energy is larger than the activation energy of diffusion in liquids (12-21 kJ mol-1), thus 

confirming the absence of external mass transfer and intra-particle diffusion resistances [47,48] 

 

Figure 7. Effect of temperature on the (a) % yield of BL, ( ) 90°C, ( ) 100°C, ( ) 110°C, ( ) 

120°C, (b) Arrhenius dependence of BL formation. Reaction conditions:  FAL 2.3 mmol, 1-

butanol 45.9 mmol, 20% w/w Sn1-TPA/K-10 catalyst 1.2 mol%, speed of agitation 1000 rpm,  

reaction time 300 min.  

3.4 Comparison with solid acid catalysts 

 The activity of 20% w/w Sn1-TPA/K-10 catalyst was compared with other solid acid 

catalysts reported in literature for BL synthesis from FAL to compare the catalyst performance 

with the state-of-the-art catalysts (Table 2). However, the comparison was only 

semiquantitative, since in many cases the reaction conditions applied are far from optimum. 

The activity of catalysts was compared on the basis of the % yield of BL after 3h. Tin 

exchanged TPA supported on K-10 is highly active as compared to most catalysts with 97.5% 

yield of BL in 3h. The result is indicative of the better efficacy of 20% w/w Sn1-TPA/K-10 

catalyst for conversion of FAL to BL.  

 

3.5 Catalyst reusability and heterogeneity: 

The catalyst reusability was studied five times under optimum reaction conditions (Figure 8a). 

After the reaction catalyst was filtered, and washed with acetone under reflux. The colour of 

catalyst was black after recovery, which changed to dark brown upon washing. The washed 

catalyst was subsequently calcined at 300 °C before being reused in subsequent batches. In 

presence of the fresh 20% w/w Sn1-TPA/K-10 catalyst, the BL yield was 98.4%. During the 
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5th cycle, BL yield decreased to 93.6%, which may be attributed to chemical adsorption of 

reactants or intermediates, as indicated from the colour of the catalyst. Reused catalyst was 

characterized using different techniques and found to be same in the nature as the fresh catalyst, 

indicating that the catalyst is stable and reusable.       

 

Table 2: Comparison of different solid acid catalysts for BL synthesis after 3h 

X = % conversion of FAL, Y = %Yield of BL after 3 h, N.R.= not reported 

 

A further proof of TPA stability on K-10 clay was obtained by a control experiment. The 

reaction mixture consisted of FAL (2.3 mmol) and 1-butanol (45.9 mmol) with standard 

catalyst loading of 0.4 g of 20% w/w Sn1-TPA/K-10, alcoholysis was performed at 110 oC, for 

30 minutes. A BL yield of 54.6% was achieved. The reaction mixture was hot filtered, and all 

catalyst particles were separated. The reaction was further continued at 110 oC, for next 4 hours 

No. 
Mole 

ratio 
Catalyst 

Cat. 

Amt. 
T (°C) X (%) Y (%) Ref 

1 1:65 Zn1TPA/Nb2O5 0.3 g 110 100 91 [14] 

2 1:33 SBA-15-SO3H 0.5g 110 100 92 [15] 

3 1:60 100Ti-KIT-6 0.3g 110 90 72 [49] 

4 1:65 25TS/SBA-16 0.3g 110 100 97 [13] 

5 1:8 Amberlyst 39 1g 110 99 52 [23] 

6 1:15 KCC-1/Pr-SO3H 0.1 g 120 99 81.9 [44] 

7 1:48 [MIMBS]3PW12O40 0.2 g 110 99 78 [22] 

8 1:48 h-Y Zeolite 0.03 g 110 100 N.R. [22] 

9 1:33 HZSM-5 0.05g 110 100 33 [15] 

10 1:65 20Al2O3/SBA-15 0.4 g 110 100 60 [5] 

11 1:20 Sn1TPA/K-10 0.4 g 120 100 97.5 
This 

work 



16 
 

without any catalyst. There was a slight increase in yield of BL from 54.6% to 55.8% (Figure 

8b). The test was performed 3 times with fresh catalyst and each time there was a very slight 

change noticed either decrease or increase but limited within 1%, which is within 

experimental error. Thus it is concluded, that Sn exchanged TPA was strongly adsorbed on K-

10 clay, and catalyst is stable under reaction conditions.  

 

Figure 8. (a) Effect of catalyst reusability on the % yield of BL, (b) Evaluation of stability of 

20% w/w Sn1-TPA on K-10. Reaction conditions: FAL 2.3 mmol, 1-butanol 45.9 mmol, 20% 

w/w Sn1-TPA/K-10 catalyst 1.2 mol%, speed of agitation 1000 rpm, reaction temperature 110 

oC, reaction time 300 min. 

 

4. Conclusions 

 Various tin exchanged tungstophosphoric acid supported on K-10 catalysts with intact 

Keggin ion structure were prepared. Sn exchanged catalysts were found to be highly active for 

synthesis of butyl levulinate from alcoholysis of FAL with 1-butanol. The amount of Sn 

exchanged, and type of clay control the acidity of catalyst and hence the activity of catalyst. 

20% w/w Sn1-TPA/K-10 catalyst was found to be most active catalyst. The reaction 

parameters, 1.2 mol% 20% w/w Sn1-TPA/K-10 catalyst loading, reaction temperature 110 °C, 

speed of agitation 1000 RPM and FAL to 1-butanol mole ratio of 1:20, resulted in complete 

conversion of FAL, with maximum yield (98.4%) of BL. The 20% w/w Sn1-TPA/K-10 catalyst 

exhibited good reusability over 5 recycles, without significant loss of activity. The catalyst 

activity was compared with reported literature and found to be highly active catalyst.  
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