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Abstract 
 

The increasing interest in renewable alternatives to the fossil fuels has allowed the development of production 
processes for the commercialization of microbial diesel and jetfuel based on fermentative route, however, the 
production costs are still high and need to be reduced in order to make the process economically feasible. One 
of the possibilities is the reduction of the downstream steps for the recovery of the product, and in this frame, 
one technique developed for the separation of the oil in-situ is gas sparging. It is known that this method 
induces the destabilization of the emulsion created between the oil and the fermentation broth by means of 
the contact between bubbles and oil droplets, however, the recovery that has been obtained experimentally is 
still low at the different conditions tested, and the path towards higher recoveries is not clear since the 
mechanisms by which the separation occur are not fully understood yet.  

A review on former studies on the method for different emulsions evidenced that there are process conditions 
that have not been controlled, remaining out of the analysis, and indicated that there is a correlation between 
bigger oil droplets and higher recoveries. Based on these observations, the present work is focused on the 
evaluation of different coalescing strategies from the perspective of process conditions (temperature and pH) 
and process technologies (oleophilic packing of fiber filters), with the objective of determining their impact in 
the droplet size and the oil recovery, finding suitable conditions to improve the process.  

The impact of the temperature and the pH was assessed using two synthetic emulsions with different 
emulsifiers (Tween 80-used as model emulsifier in previous estudies- and Casein) in order to analyze different 
stabilization mechanisms.  For the emulsion with Tween 80, the most favorable conditions identified allow an 
increase in the oil recovery from 7,3 ±5% in the base case to 28,1±5 %. The positive impact was related to a 
higher degree of micellization of the free surfactant molecules and less surfactant coverage on the droplet 
surface, both suitable conditions to have a more efficient contact between droplets and bubbles. For the 
emulsion with casein, the impact of these variables could not be successfully assessed due to the presence of 
proteins in excess that was predominant in the emulsion resulting in zero recovery.  This result indicates that 
there might be a threshold for the separation method at high concentrations of proteins. 

The oleophilic packing was tested for the emulsion of Tween 80 and the results showed a positive impact in the 
coalescence, reflected in the presence of clear, coalesced oil, that remained in the fibers of the packing. 
However, this oil is not effectively recovered and is quantified as a loss, being the main drawback identified in 
this method. The increase in droplet size was 12,9±7,8 % in the best scenario, nevertheless, in most of the 
cases the increase in droplet size was not conclusive.  The oil recovery in the columns improved from 7,3 ±5% in 
the base case to approximately 17,8-27,2±5 % in the scenarios of minimum and maximum oil loss. 
Nevertheless, it was concluded that the trends in the performance of the packing were not completely clear 
and require to be analyzed by means of more experimental data. Even though the coalescence of droplets was 
experimentally proved, the optimum conditions of this setup were not successfully identified   

Finally, a simplified model of the coalescence in the packing was developed with the aim of elucidating the 
experimental results  and  improving the use of the setup towards optimum conditions. The model was 
developed on a theoretical basis in order to  analyze the main mechanisms involved in the coalescence of 
droplets in the packing . The final result of the model is still in an initial stage that requires a deeper study of 
the mechanisms taking place, together with more experimental data for the validation an parameter 
estimation. Nevertheless, some recommendations are formulated in order to improve the model and use it as 
basis for further studies with the packing, given the positive results observed in coalescence.  

In summary, the coalescence strategies studied were successful in improving the oil recovery in the synthetic 
emulsion with Tween 80, but were not successfully validated for the emulsion with casein. The differences 
observed between the two emulsions indicate the need to expand the study of the separation method to 
syntethic emulsions stabilized with proteins, which are considered to be more representative of the challenges 
encountered in  fermentation broths. 
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