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Tin-containing silicates are promising heterogeneous catalysts for a range of interesting reactions, especially 

within the emerging biorefinery sector, such as the isomerization of glucose to fructose and the conversion of 

sugars to methyl lactate (ML). The latter finds very interesting application as monomer for the production of 

polylactic acid (PLA). The presence of alkali ions is known to have a great effect during the synthesis of 

metallosilicate materials and has been shown to both increase and decrease the catalytic activity of the 

resulting catalyst depending on the reaction system.  

With the aim of improving the yield to ML, this study investigates the influence of alkali metal ions on the 

catalytic conversion of sucrose to ML in methanol at high temperatures (>150°C) using stannosilicates. 

When small amounts of alkali were added during the hydrothermal synthesis of the Sn-Beta zeolite (HT Sn-

Beta), the result was a drastic increase in ML yield from 30 to 55-65%. Due to the potential mobility of the 

alkali ions during reactions, experiments were carried out where alkali ions (here K2CO3) were added 

directly to the reaction medium. As can be seen on Figure 1a, this resulted in an even greater increase in ML 

yield. When a solution of 0.065 mM K2CO3 in methanol was used as solvent during the catalytic reaction, an 

unprecedented high yield of 75% ML was obtained.  

 

Figure 1. Yield of methyl lactate obtained from sucrose when using different Sn-Beta zeolites in the presence and absence of alkali. 

Yields from a) an alkali-free fluoride synthesized Sn-Beta material and b) yields from a Sn-Beta material synthesized by post 

treatment of dealuminated Beta zeolite. 

Furthermore, the effect was found to  apply also other materials, such as Sn-Beta prepared by post-treatment 

of a commercial Beta zeolite (PT Sn-Beta) or ordered mesoporous stannosilicate Sn-MCM-41. Comparable 

yields of 72-75% ML were obtained with PT Sn-Beta, when K2CO3 was added either during impregnation of 

the catalyst (Alkali in synthesis) or directly to the reaction liquor (Alkali in medium), see Figure 2b. 

Similarly, using Sn-MCM-41 with K2CO3 in solution resulted in an increase from 20 to 58% ML. 



However, the amount of alkali present in the reaction needs to be carefully selected. It was observed that the 

optimum alkali content is not the same for the two different Sn-Beta samples (Figure 2) and the alkali salt 

concentration therefore has to be optimized for the specific catalyst used. 

 

Figure 2. The methyl lactate yield obtained from sucrose using HT Sn-Beta (left) or PT Sn-Beta (right) versus the concentrations of 

K2CO3 in methanol. 

It can be concluded from these findings that the total amount of alkali ions present in the reaction, both in the 

catalyst and in solution, is essential to reaching a high ML selectivity. The effect is not exclusive to 

hydrothermally prepared Sn-Beta, but can be applied to both materials prepared by post-synthesis and 

expanded to other non-zeolithic structures such as Sn-MCM-41. These findings make it feasible to use 

simple stannosilicate preparation methods and still obtain very high methyl lactate yields. 

 


