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Abstract

Biodiesel, a mixture of fatty acid methyl esters (FAME), is an excellent non-toxic, and
biodegradable substitute for mineral diesel fuels produced from crude oil. It is made from
renewable sources by transesterification of triglycerides with methanol, or by a reaction
usually defined as methanolysis. Usage of low-quality feedstock, such as waste cooking oil
(WCO), is challenging due to the undesirable side reactions as a result of the presence of free
fatty acids (FFA), and water, thus a pretreatment stage before subjecting it to the
transesterification process is usually required. In the present study, a two-step approach based
on an adsorptive pretreatment with quicklime in order to remove FFA from WCO, followed
by methanolysis using CaO-ZnO as a heterogeneous catalyst was proposed. The first step was
analyzed with the goal to define the optimal temperature of adsorption, the adsorbent particle
size, calcination procedure, as well as the necessary amount of quicklime used. The analysis
of adsorption kinetics was performed using pseudo-first and pseudo-second order Kinetic
models, and the efficiency of quicklime in the FFA removal from the WCO was also
determined. The results showed that FFA from WCO could be successfully removed using
quicklime as adsorbent at 30 °C for 1 h, with a removal efficiency of 72% and an adsorption
capacity of 910 mg/g. The amount of Ca?* ion present in the oil after the pretreatment was
determined to be 12.64 mg/kg, showing that a very small amount of calcium from CaO was
dissolved in treated WCO. The FTIR analysis of quicklime after the adsorption of FFA
confirmed the interaction of the carboxyl group in FFA with the active site of the adsorbent.
Adsorptive pretreatment had a positive effect on the rate of transesterification reaction with
Ca0-ZnO as a catalyst, enabling the achievement of over 96% of FAME yield in only 15 min
at 60 °C. The present study showed that quicklime, being cheap, available, and efficient, has
considerable potential for the removal of FFA from the WCO. Besides, both the adsorption
and the heterogeneously catalyzed methanolysis are environmentally and economically
acceptable processes.

Keywords: Biodiesel, Waste cooking oil; Adsorption; Quicklime, CaO-ZnO

Acknowledgements: This work was supported by the Ministry of Education, Science and
Technological Development of the Republic of Serbia (Contract No. 451-03-68/2022-14/200135).
Work was carried out in the frame of the COST-Action "Green Chemical Engineering Network
towards upscaling sustainable processes” (GREENERING, ref. CA18224) supported by COST
(European Cooperation in Science and Technology).

Valladolid (Spain), 21 — 23 March 2023



THANKS For
SHARING
YOUR GREEN
IDEAS




	Book of abstracts: 2nd Greenering 
	Extended Program 
	2. Biorefinery
	T2.07_Adsorptive pretreatment of waste cooking oil for two-step biodiesel production

	Thanks for Sharing your Green Ideas

