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1.  ABSTRACT 
CO2 capture technology adoption has highlighted the need for greater process intensification, reduced capital 

cost, and lower solvent regeneration costs. One absorber technology that has very high mass and heat transfer 

rates is the Regenerative Froth Contactor (RFC) co-current technology. This technology also can simplify the 

process integration concerns associated with precipitating solvents which show promise as a path for reducing 

solvent regeneration costs.  Traditionally co-current absorbers exhibit high pressure drop. We will discuss a co-

current downflow absorber operating in the pulsing mode maintains high mass transfer without suffering a 

back-pressure penalty and can operate with precipitating solvents or high levels of entrained solids without 

fouling. 

2.  INTRODUCTION 
Co-current downflow contactors have been studied extensively and have demonstrated high levels of heat and mass transfer 

when operated in the pulsing mode [(Blok, 1984), (DRINKENBURG, 1985), (DRINKENBURG V. G., 1983), (Boelhouwer, 

2001),  (Giuseppe Biardia, 1999), (D. Janecki, 2007), (VERN W. WEEKMAN, 1964), (S. van Loo, 2007), (VERN W. 

WEEKMAN, 1964)]. Co-current contactors have several modes of operation depending on gas and liquid flow rates, the fluid 

and packing properties. In this discussion we will focus on two modes, trickle mode (low gas and liquid rates), where liquid 

trickles over the packing and the gas phase is continuous, and pulsing mode that occurs at higher gas and liquid flow rates, 

where the liquid pulses periodically block the channels in the packing. In pulsing mode, the flow pattern in the low liquid 

density part is gas continuous but in the high density liquid plug the flow pattern is described as “dispersed bubble flow”.  In 

addition, co-current contactors are not limited by “flooding” that is observed in counter-current flow. Two important aspects 

of development of the WES RFC internals are discussed in this note: the development of proprietary internals to reduce 

pressure drop that can tolerate high levels of entrained solids or precipitating solvents. 

 
Turbulence and co-current flow are key to preventing fouling in the internals. The literature work uses commercially 

available random or structured packing and have large surface area on the packing itself. To minimize the possibility of 

fouling WES embarked on developing a new packing that had low specific surface area and relied on specially designed 

internals that produce a transient froth that is regenerated continuously (RFC). This froth continuously forms and collapse as 

it passes through the contactor minimizing the surface area of the packing itself but providing a high gas-liquid interface area. 

 

The internal design element that WES developed consists of corrugated wire screen separated by spacers. The screen mesh is 

corrugated with steep walls forming ridges and valleys.  The gas-liquid surface area is formed as a pulse passes through the 

screens producing bubbles, droplets, and fluid fragments (froth).  The pulses propagate down through subsequent screens at a 

velocity substantially less than the superficial gas velocity, so any volume element of gas must pass through multiple 

pulses.[WES Technical Note: RFC Hydrodynamics] 
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On a macro scale the WES Contactor has two basic sections. A pulse generator section at the top of the contactor consisting 

of 5-20 screens and a pulse propagator section below the generator that sustains the froth bands as they travel down the 

length of the contactor. 

 

 This configuration provides two critical benefits. First, pulses start at the top and propagate through the remainder of the 

column. Studies in the literature [ (VERN W. WEEKMAN, 1964)] claim that with random or structured packing pulses are 

first observed spontaneously developing at the bottom of the packing and as mass flow rates are increased the pulses begin to 

start further up the column until a point is reached and the full column is in pulsing mode. The WES internals by contrast 

begin pulsing at the top of the column, in the generator section, and propagate through the column from the moment of pulse 

initiation. This enables pulsing in shorter column height than conventional random or structured packing and results in a 

critical benefit of reduced pressure drop while maintaining high mass transfer associate with pulsing mode operation. 

 

3.  PRESSURE DROP IN CO-CURRENT CONTACTORS 
The initial development goals for the contactor was to reduce pressure drop and maintain high mass transfer. Although 

pressure drop and pulsing data is sparse in the literature there is some data available for comparison [ (DRINKENBURG V. 

G., 1985), (DRINKENBURG V. G., 1983)]. Figures 1 and 2 compare pressure drop and pulse initiation for the data in the 

literature that is run in a gas and liquid flow range similar to the WES studies for CO2 capture. The Figures show a pressure 

drop reduction of as much as an order of magnitude, depending on the specific WES packing type, from the values quoted in 

the literature.  

 

Tests were run in the WES Hydrodynamic Lab to study the design factors of wire diameter, wire space, ridge height, ridge 

space, ridge shape, screen pitch (screen to screen space), screen shape, number of generator screens as well as process factors 

of liquid and gas flows. The impact on pressure drop, pulse initiation, pulse propagation and pulse frequency were measured, 

and an empirical multivariate model was developed based on an air/water flow results. From this model the final design of 

the generator and propagator section of the RFC contactor was selected. Development of a model that consider the solvent 

properties (density, viscosity, surface tension) is currently underway. Using this strategy enabled the RFC to operate at 

comparable pressure drop to a conventional counter-current contactor with random packing (IMPT rings). 
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Figure 1: Pressure Drop comparing literature result to several RFC internal types as a function of superficial gas (Ug) and liquid (UL) 
velocity 

 

 
 
Figure 2: Pressure drop comparing literature (blue) results to the RFC 

4. LABORATORY TESTING WITH A PRECIPITATING SOLVENT 
 

The RFC absorber was installed and tested in SINTEF/NTNU Lab pilot in Glaushaugen, Trondheim for a precipitating CO2 

capture process. The absorber is compact and was easily installed. The absorber showed good gas-liquid-solid mass transfer 

with no clogging or fouling of the contactor at the operating region even though some pressure drop increase was 

experienced which could be due to the increased solvent viscosity as solvent CO2 loading increased.  Overall the RFC 

absorber showed a very stable and satisfactory operation during the demonstration campaign. [INSPiRE] 

The ability to utilize precipitating solvents without having to resort to spray towers or complicated process flows is a critical 

feature of the RFC as this class of solvents have shown potential for operating-cost reduction in CO2 capture. 

 

5. LABORATORY TESTING WITH AMINES 
 

The RFC was evaluated and compared to a conventional counter-current contactor in the WES Laboratory using a 22% MEA 

solution under the conditions shown in Table 1.  Note that the contactor diameter and packing depth of the WES Contactor 

are smaller than the counter-current contactor. Since the RFC contactor is immune to flooding it was tested over a wider 

range of gas and liquid flow conditions compared to the counter-current contactor which was tested at the 80% flooding 

point. By operating at higher gas velocity, the RFC footprint can be reduced. This is a critical factor in capital cost and offers 

greater flexibility, especially in retro-fit applications. 

 

Figure 3 compares the two configurations (red=RFC, blue=conventional) and shows the Volumetric Absorption Rate as a 

function of gas mass flow at two different mass l/g ratios (2.8 and 3.4).  The results show a five-times enhancement of the 
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Absorption rate in the RFC. Note that the Absorption Rate increases with increasing gas velocity. Calculations of the mass 

transfer coefficients (KLa, KGa) show a similar trend. We believe both mass transfer and effective gas-liquid area are 

simultaneously increasing as the gas velocity is increased. This is being driven by higher turbulence and gas-liquid surface 

area increasing as more energy is available to form froth. There is a cost, as pressure drop also increases so this optimal gas 

velocity must be determined for each application based on capital and operating expense. The higher mass transfer reduced 

the contactor height resulting in further reduction of capital cost. 

 

Parameter Conventional 

Counter-Current 

RFC 

Co-Current 

Contactor Diameter 6” 4” 

Packing Depth 2.9m 1.1m 

Packing 16mm IMPT rings RFC Proprietary 

Mode of Operation Trickle Pulsing 

Superficial Gas Velocity 1.2m/s 2.7-3.8m/s 

Liquid-Gas Mass Ratio 2.7-3.5 kg/kg 2.9-3.3 kg/kg 

Lean Solvent Loading ~0.22 mol/mol ~0.22 mol/mol 

Pressure Drop 3.1kPa 2.7-3.2kPa 

% Capture 51-61% 42-52% 

 

 

 

Figure 3: Volumetric Absorption Rate comparing the RFC (red triangles) to a counter-current contactor with random packing (blue triangles). 

6. Conclusion 
A Regenerative Froth Contactor has been demonstrated to substantially increase process intensity for CO2 capture, a key 

enabler to reducing both capital and operating costs when using conventional solvent absorption approaches. The increased 

superficial gas velocity also reduces the cross-sectional area and therefore footprint of the contactor column.  This may be 

determinative in economic retrofitting of existing plant facilities. 
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The RFC has also been shown to enable a simplified process flow for precipitating solvents. Development of an effective 

non-fouling contactor is necessary to enable the new class of precipitating solvents to transition from the lab to industrial 

application. These show promise to further reduce operating cost for CO2 capture. 

 

By forming pulses at the top of the contactor and then using relatively low pressure drop internals to propagate the pulses 

through the main body of the contactor the pressure drop was reduced by about 10x compared to literature quoted values that 

utilize random packing. As a result, the net pressure drop across the total column height is projected to be similar to that of a 

conventional column of the same capacity, but twice the absorption bed depth. 
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WES TECHNICAL NOTE 201806181, RFC Hydrodynamics 
INSPiRE: Innovative Precipitating Solvent Process for Carbon dioxide removal from various Gas Sources. A joint 

SINTEF-WES project with support from Gassnova CLIMIT Demo to be reported on in detail in a future publication. 

 

 

 


