
 
 
General rights 
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright 
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these rights. 
 

 Users may download and print one copy of any publication from the public portal for the purpose of private study or research. 

 You may not further distribute the material or use it for any profit-making activity or commercial gain 

 You may freely distribute the URL identifying the publication in the public portal 
 
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately 
and investigate your claim. 
  
 

   

 

 

Downloaded from orbit.dtu.dk on: May 23, 2023

Stability of surfactant-oil-water emulsion systems
Microfluidic insight for the optimization of off-shore produced water treatment

Wang, Tian; Aliti, Liridon; Charisi, Melpomeni; Shapiro, Alexander; Andersen, Simon Ivar

Publication date:
2022

Document Version
Publisher's PDF, also known as Version of record

Link back to DTU Orbit

Citation (APA):
Wang, T., Aliti, L., Charisi, M., Shapiro, A., & Andersen, S. I. (2022). Stability of surfactant-oil-water emulsion
systems: Microfluidic insight for the optimization of off-shore produced water treatment. Abstract from Danish
Offshore Technology Conference 2022, Kolding, Denmark.

https://orbit.dtu.dk/en/publications/b7167d9f-496b-426e-a5aa-2fa67c744f98


Danish Offshore Technology Centre  
Technology Conference 2022 

   

Stability of surfactant-oil-water emulsion systems  

Microfluidic insight for the optimization of off-shore produced water treatment 

Tian Wang1,2, Liridon Aliti1, Melpomeni Charisi1, Alexander Shapiro2, Simon Ivar Andersen1 

1The Danish Offshore Technology Center (DOTC), DTU Offshore 

2Center for Energy Resources Engineering (CERE), DTU Chemical Engineering 

Oil exists in the forms of dissolved oil and dispersed oil in produced water, which can be hazardous to the 

environment. The dispersed oil are small droplets of oil suspended in the aqueous phase. They can have 

rather high stability and are difficult to remove. Production chemicals are routinely added during oil 

production to mitigate unwanted effects, e.g. pipeline corrosion, scale, bacteria and hydrogen sulfide. 

These chemicals may function as surface-active components, which significantly influence the phase 

behavior of oil-water mixtures, such as oil-in-water and water-in-oil emulsions. As a result, they may greatly 

affect the efficiency of produced water treatment. 

The stability of an emulsion system is typically studied with bottle tests by mixing oil and water phases and 

let the system relax to equilibrium. However, it can take as long as months for a surfactant-oil-water (SOW) 

containing system to reach equilibrium. Moreover, bottle tests generally consume large amounts of 

chemicals. Microfluidics has proven to be a powerful tool for the investigation of oil droplet stability in 

different water phases in terms of droplet coalescence with precise control and manipulation of fluids at 

small temporal and spatial scale. It offers great advantages, e.g. direct visualization of individual 

microscopic events, high efficiency, small volume chemical consumption.  

In this study, we perform bottle tests and microfluidic characterization of model SOW systems. The key 

parameters that determine the stability of a SOW system include effective alkane carbon number, i.e. the 

oiliness of the oil, temperature, salinity and the hydrophobic/hydrophilic nature of the surfactant. They are 

varied in terms of oil type, salinity and the species of surfactants used in the experiments. Three types of 

emulsions (Figure 1) were observed in the bottle tests at different compositions and salinities, i.e. oil-in-

water (Type I), water-in-oil (Type II) and bicontinuous microemulsion (Type III). In order to reach the best 

separation efficiency, Type III emulsion should be produced. Microfluidic droplet coalescence experiments 

were performed with the same compositions as the bottle tests. We correlate microfluidic study with 

bottle tests to provide a fast characterization and an effective estimation for the optimization of separation 

conditions of oil and water for the produced water treatment. 

 

Figure 1. Three types of emulsions for a SOW system. Type I. oil-in-water emulsion; Type II. Water-in-oil emulsion; Type III. 

Bicontinuous microemulsion. Figure adapted from Salager et al. Cosmetics 2020, 7, 57. 


