Synthesis of a biofuel that integrates glycerin by using heterogeneous supported KFcatalysts
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Abstract

Our previous researches have allowed to obtain a new type of biofuel, applicable to diesel
engines, which integrates the glycerin as monoglyceride (MG), by using 1,3 selective lipases to obtain
an incomplete alcoholisis process [1], Figure 1. In order to improve the procedure for the obtaining of
this biofuel, given their advantages with respect to the production of conventional biodiesel, the present
study aims to access to the same type of biofuel by applying a heterogeneous process in which
supported KF is employed as basic catalyst, which has been already described in some organic
processes [2] and which has been also recently applied as catalyst for the biodiesel synthesis process
[3]. In this respect, it has been investigated the catalytic performance of supported KF at 10% by weight
on three different solid supports: alumina, zinc oxide and magnesium oxide. These catalysts were
synthesized by impregnating the different supports with a solution of KF in methanol until incipient
wetness [2]. The standard experimental conditions employed in the heterogeneous methanolysis
reaction were: 0.8 g of catalyst, 12 mL of sunflower oil and 2.7 mL of methanol, operating 1 hour at a
temperature of 65 ° C. In all cases with the three supports, 100% conversion values with high
selectivity (70-90%) were obtained, as well as quite suitable values of viscosity, 4.6 - 8.4 cSt, although
the alumina got comparatively better results (Figure 2).

The influence of the catalyst weight has been evaluated by employing variable amounts of
KF/AI,O3 (0.2, 0.4, 0.6, 0.8, 1 g) the best catalyst, under standard operating conditions: 12 mL of
sunflower oil, 2.7 mL of methanol, 65 ° C temperature and 1 hour of reaction time. The results obtained
are shown in Figure 3. The influence of the ratio oil / methanol is determined with a fixed quantity of
catalyst, 0.8 g, with 12 mL of sunflower oil and varying amounts of methanol (in mL, 1.2, 1.6, 2, 2.4 and
2.8) operating at 65 ° C of temperature and a reaction time for 1 h. The results obtained are shown in
Figure 4, where conversion, selectivity and viscosity of the corresponding values of increased molar
ratios of methanol respect to sunflower oil: 1/3, 1/4, 1/5, 1/6 and 1/7 are represented. We can see that
the ratio 12/2 in mL, provides the optimum results, which corresponds to a 1/5 molar ratio.

These heterogeneous catalysts have resulted therefore to be quite suitable to obtain the partial
transesterification of triglycerides (TG) with methanol, so that one molecule of TG generates two moles
of fatty acid methyl esters (FAME) and one of MG, operating at heterogeneous conditions, at
atmospheric pressure, with a molar ratio oil / methanol of 1/5 and temperatures in the range of 50-65
°C. After optimization of the most appropriate experimental conditions, a biofuel which integrates
glycerine as a monoglyceride is obtained in an efficient way, operating in heterogeneous catalytic
conditions.
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Figurel. Selective ethanolysis obtained through the use of pig pancreatic lipase (PPL).
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Figure 2: Influence of the different supports in the viscosity (cSt), conversion (%) and selectivity
(%) obtained under standard experimental conditions.
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Figure 3. Influence of the catalyst weight (KF/AI,O3) in the catalytic activity parameters:
conversion (%) and selectivity (%).
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Figure 4. Influence of variable quantities of oil/methanol on conversion, selectivity and viscosity.
Increased molar ratios of methanol respect to sunflower oil in mol: 1/3, 1/4, 1/5, 1/6 and 1/7
obtained under standard operating conditions.



