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Subject description (two pages maximum including biblio) 
 
 

 Carbon dioxide (CO2), as a major greenhouse gas, has raised great concerns in terms of global warming 
and climate change. Therefore, Carbon Capture, Storage and further Utilization (CCSU) is considered as a 
crucial strategy for meeting CO2 emission reduction targets as defined in COP21 in 2015, and in the Paris 
agreement signed in 2016 [1]. Different technologies are actually available for removing large amounts of 
CO2 from natural, refinery and synthesis gas streams [2]. Among them, the most mature and widely used 
technique is the chemical absorption/desorption process using alkanolamine-based solvents [3, 4].  

 
In terms of equipment needed for CO2 capture and storage, current chemical absorption process 

usually involves towers or packed columns having huge volumes and low efficiencies in heat and mass 
transfer. They usually occupy large spaces, are difficult to control and not energy-efficient. Furthermore, 
they bring safety and reliability issues to the industrial facilities. One of the routes to realize the CO2 

absorption/desorption process intensification is through the miniaturization, more precisely the 
employment of microfluidic devices [5, 6], providing a largely reduced required volume, enhanced mass 
and heat transfer through a dramatic increase in interfacial area, cleaner, safer, higher productivity and 
more efficient use of energy. 

 
The general objective of this PhD is to enhance the absorption efficiency of such a miniaturized 

process, whithin two-phase flows designed to break and fold gas-liquid interfaces [7] and boundary 
layers while keeping an acceptable pressure drop. In addition to well-known optical measurements, the 
means of non-intrusive optical investigation to determine the field of pH [8], then the gradient of 
dissolved CO2 concentration, are new in this field and particularly developed in our research team and 
network. They (i) bring an explanation to the improved absorption efficiency, (ii) enable further 
optimization of the two-phase flow and (iii) open the way to a precise comparison to CFD results. 

 
Globally, this Ph.D. topic and research environment at LTeN lab is the opportunity to work for 

sustainable development through an improved CCUS process [9], to develop and publish cutting-edge 
results about chemical absorption of CO2 within a miniaturized, industrially-efficient gas-liquid flow [10] 
by means of innovative optical measurements.  
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