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1. Introduction – The development of heterogeneous catalysts plays an important role that has enabled 

biodiesel production more environmentally friendly. A special advantage of these groups of catalysts is 

reflected in their excellent ability to catalyze transesterification reactions with efficient and 

environmentally friendly post-reaction operations such as catalyst-product separation, water washing, and 

catalyst reusability [1]. The CaO with the numerous advantages (low cost, availability, simple synthesis 

procedure, high stability and satisfactory activity under mild reaction conditions) imposes itself as a most-

preferred catalyst candidate for biodiesel production [2-3]. This research is focused on the determination 

of optimal granulation of the raw chicken eggshell powder for the synthesis of CaO catalyst for biodiesel 

production from off-grade sunflower oil and the determination of the relationship between catalytic 

activity and the main parameter of pore structure.  

2. Experimental – Raw chicken eggshell was ground in a ball mill and sieved using a series of sieves 

(RetschTM Test Sieves) with nominal aperture sizes of <20 μm, 20-36 μm, 36-45 μm, 45-63 μm, 63-90 

μm, 90-100 μm and >100 μm. The fractionated powders were calcined at 900 ºC, 2 h with a heating rate 

of 2 ºC/min. The obtained catalysts were kept in a desiccator until the beginning of the catalytic tests. The 

parameters of the porous structure of catalysts were analyzed using the mercury intrusion porosimetry 

technique (Carlo Erba 2000 porosimeter). Catalytic tests were carried out in a batch reactor under the 

following reaction conditions: temperature of 60 ºC, methanol to oil molar ratio of 12:1, and catalyst 

concentration of 4 wt%.  

3. Results and Discussion – Fig. 1 shows the results of the activity of different granulated catalysts. 

Catalyst with granulation between 36 and 90 μm exhibits better activity, especially fractions >45 μm,  

than practically unfractionated particles of catalysts <36 μm and >100 μm. This behaviour of the catalysts 

could be explained in two ways. Firstly, the mercury intrusion porosimetry results of the fractions <36 μm 

and >100 μm indicate the presence of interparticle interaction, which is associated with interparticle 

porosity (varies from 85 to 20%). During the reaction, 

such catalyst particles are prone to sticking and are not 

resistant to by-products of the reaction that block the 

active centres by prolonging the induction time. In the 

granulation range between 36 and 90 μm, the particles 

exhibit stable porosity (varies from 70 and 55%) and 

pore size distribution, suitable for uninterrupted 

reaction. Secondly, the finer particles are more compact 

and without a developed system of pores and channels, 

which contributes to the poorer distribution of active 

centres. 

4. Conclusions – The waste-based CaO catalyst 

exhibits suitable activity in the catalyst particle range 

from 36 to 90 μm. The catalyst particles in this range 

possess a stable porosity which makes them active by 

providing high conversion (>99%) in a short reaction 

time (60 min). On the other hand, the catalyst particles less than 36 μm and greater than 90 μm due to 

unfavourable textural and morphological properties lead to a significant prolongation of the induction 

time, and thus the total reaction time, which further indicates a strong diffusion control. 
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Fig. 1 Catalytic activity of differently granulate 

CaO catalysts 
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