Development of an original approach to evaluate the effects of surfactants, biomass and pollutants on the scaling-up of a two-phase partitioning bioreactor
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The two-phase partitioning bioreactor (TPPB) has become a new strategy in the context of waste gas treatment. However, to our knowledge, no pilot or large scale TPPB system has ever been tested. More specifically, the impact of biomass, surfactants and pollutants on scaling up remains misunderstood and needs to be better evaluated. 

In this context, an original approach was developed using a scale-down bioreactor having the capacity to reproduce the hydrodynamic encountered at the full scale full TPPB. A TPPB using silicone oil as second phase, isopropylbenzene (IPB) as gaseous pollutant and Rhodococcus erythropolis as biomass and its associated surfactant extract (SE) was chosen as a model to evaluate the potentialities of this type of bioreactor at full scale. The scale-down apparatus consisted to a stirred bioreactor assumed to be perfectly mixed coupled with a plug-flow section where partitioning of silicone oil and aqueous phase was observed by means of specific coloration of silicone-oil and image analysis. The speed of phase partitioning (SPP) in the plug flow section was chosen as parameter to evaluate the effect of biomass, IPB and SE on the scaling up of the TPPB. 


It was clearly shown that the IPB affect negatively the scaling-up of the process by increasing the SPP in the plug flow section.  However this observation was only observed for high concentration (> 5g/L) seldom encountered in real case. In addition, this negative impact was strongly compensated by the presence of biotic compounds, i.e. biomass and surfactant extract. Indeed, as soon as the biomass concentration reached 0.5 g/L, the two phase system remained very stable in the plug flow section while a similar observation was made as soon as a SE concentration of 50 mg/L was reached. Finaly, a synergistic effect was observed when both two high concentration of biomass and SE were implemented together i.e. 12g/L of biomass and 2 g/L of SE. 

To conclude, a new original approach was developed to initiate the feasibility study of scaling up of a two phase partitioning bioreactor. As a first application, it is shown that a small concentration of biomass and / or surfactant extract makes possible the scaling up of the process even if the systems water/silicone-oil and water/silicone-oil/IPB are characterized by a strong propensity to partition. 
