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ABSTRACT 
Laboratory results of an initial study on CO2 removal from gas mixture by 

means of the air-sparged hydrocyclone (ASH) technology are reported. The CO2 
absorption rate into sodium hydroxide aqueous solution was studied on a laboratory 
and pilot scale. The air flow rate was 900 dm3/min and the alkaline solution flow 
rate was 15 dm3/min in the case of pilot scale. The influence of CO2 concentration, 
pH of the liquid phase, the gas flow rate, and the alkaline solution flow rate on the 
efficiency of the process was investigated. An increase in the alkaline concentration 
significantly enhanced the CO2 absorption. A very low distribution of bubble sizes 
enhanced the carbon dioxide absorption, too. 
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INTRODUCTION 

The release of CO2 is one of major environmental concerns in the 
utilization of coal for electric power generation. Absorption in packed 
towers in order minimize an environmental impact of gas emissions is most 
commonly considered. Absorption of CO2 seems a particularly interesting 
option when it can be carried out in a single step process with very short 
residence time. Large flow of flue gas resulting from fossil fuels combustion 
significantly affects cost-effectiveness of the absorption method. Recently, 
the high specific capacity gas-sparged hydrocyclone has been shown to be 
effective in such applications. 
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The air-sparged hydrocyclone (ASH) technology was originally 
developed (at the University of Utah) for fast and efficient flotation of fine 
particles from a suspension [1]. ASH hydrocyclone, because of a very small 
bubble size [2,3] large bubble flux, and turbulent shear flow, has very high 
gas transfer rates. Consequently, the ASH can be used not only for rapid 
absorption of gaseous impurities such as CO2 but also for volatile organic 
species removal from water [4] or effective water aeration [5]. The biggest 
problem in most applications is scaling and fouling the porous tube. The 
new design of the hydrocyclone head and new material for porous tube 
construction protect ASH hydrocyclone from clogging by scaling and 
fouling. 

 
THE REACTION 

The reaction mechanism of carbon dioxide chemisorption in an 
aqueous solution of sodium hydroxide is well understood and the kinetic 
data are well documented [6,7]. Two major steps of the reaction mechanism 
are: 

−− →←+ 3
1

2 HCOOHCO     (1) 

OHCOOHHCO 2
2
3

2
3 +→←+ −−−    (2) 

 
Both reactions are reversible and exothermic in the forward direction 

and are quite fast at high pH-values; the second reaction can even be 
considered to be instantaneous. CO2 absorption is the rate controlling step 
for high pH-values, therefore, the accurate values of local interfacial areas 
are important in order to describe a transient behavior of the reaction. The 
equilibrium of this reaction system is pH-value dependent as shown in 
Figure 1.  

 
 

 
Fig. 1. Fractions of different carbonate species at chemical equilibrium [6]. 
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At high pH values, carbonic acid exists only in the form of carbonate 
ions. If pH value decreases, the fraction of carbonate decreases and the 
fraction of bicarbonate increases. At pH≈10.3, both kinds of ions exist in 
equal amounts. For still lower pH values, only bicarbonate exists at 
equilibrium. For pH below 7, physically absorbed CO2 exists in a noticeable 
amount. 

 
APPARATUS FOR CO2 REMOVAL 

For CO2 removal from flue gases, different types of absorbers in 
which gaseous phase or liquid phase is dispersed are used. It assures 
sufficient interfacial contact surface. But devices such as a plate column, 
packed column (for example with Raschig’s rings), bubbling apparatus, and 
mechanical absorbers are very costly because of their size and energy-
consumption [3,8,9,10]. 

The scheme of a pilot system for CO2 removal is shown in Figure 2.  
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Fig. 2. Flow diagram of experimental setup for absorption of CO2: 1 – absorber, 

2 – circulating pump, 3 – blower, 4 – cylinder with CO2, 5 – manometer,  
6 – rotameter, 7 – absorption bulbs as washers, 8 – mist collector, 9 – needle 

valve, 10 – ball valve. 
 
 

The essential element of this system is a cyclone absorber (1), in 
which CO2 removal occurs. The desired amount of carbon dioxide in air 
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was prepared by dosing CO2 from a cylinder (4) to air forced to the reactor 
by a blower. Volumetric flow rates were measured by means of rotameters 
(6), whereas the pressure was measured by manometers (5). Carbon dioxide 
was absorbed in a sodium hydroxide solution. A pump (2) provided 
recirculation of the absorbing solution. 

To determine the content of CO2, a part of the gas stream entering and 
leaving the absorber was passed through a set of washers (7) with barium 
hydroxide solution in which carbon dioxide absorption took place. 

 
PILOT ABSORBER CHARACTERISTICS 

The removal of carbon dioxide from air was investigated with an 
absorber shown in figure 3. The immediate contact of phases took place in 
the air-sparged hydrocyclone (ASH). The ASH unit consists of two 
concentric right-vertical tubes and a conventional cyclone header at the top. 
The porous inner tube allows the sparging of gas. The gaseous phase was 
supplied through the cylindrical section of the ASH (2). The aqueous phase 
was fed to the hydrocyclone through header (1). The absorbent collected in 
a 200 dm3 tank (4) was recirculated by a centrifugal pump at 15 dm3/min 
flow rate. The valve located on the feed pipeline to the hydrocyclone 
allowed the absorbent flow rate control. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Air-sparged hydrocyclone as absorber: 1 – header, 2 – cylindrical part 
containing porous wall, 3 - mist collector, 4 – tank for absorbent, 

5 – circulating pump. 
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During recirculation the concentration of carbonates in the absorbent 
increases. The absorbent is continuously fed to the ASH, while the same 
flow is evacuated from the tank. 

A coalescing cartridge (3) placed in the tank (4) prevented carry over 
of absorbent mist. The gaseous phase which passed through the ASH and 
the coalescer was released to the atmosphere. 

The following processing conditions were examined: the influence of 
carbon dioxide concentration on the absorption efficiency, the impact of 
water flow rate, and the air flow rate. Carbon dioxide absorption was carried 
out with the use of NaOH dissolved in tap water. NaOH solution was 
maintained at pH = 12.5÷13.5. 

 
EXPERIMENTAL PROCEDURE 

The experiments were carried out on a laboratory and pilot scale. 
Each set of data was obtained in several individual runs. Before each run, 
the tank with the absorbent was refilled with NaOH solution. 

In the case of pilot scale, the volume of the absorbent was 150 dm3, 
the circulating pump capacity was set at 20 dm3/min and the air flow rate 
was 900 dm3/min. In the laboratory experiments, the volume of NaOH 
solution in the washer was 200 cm3, and the air flow rate was set at 0.5 
dm3/min and 1.0 dm3/min. The absorption driving force did not change 
significantly during the time of investigation. The concentration of CO2 in 
the inlet air stream was 0.36 g/m3. 

 

 
 

Fig. 4. Flow diagram of experimental setup for absorption of CO2 on a laboratory 
scale: 1-pump, 2-manometer, 3-rotameter, 4-washer with NaOH solution, 5-washer 

with Ba(OH)2⋅8H2O solution. 
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CARBON DIOXIDE ANALYSIS 

The concentration of carbon dioxide in the streams entering and 
leaving the absorbent was determined analytically. 

Barium hydroxide solution of known concentration and volume was 
used in washers, through which gas stream containing CO2 was passed, 
which resulted in the following reaction: 

( ) OH9BaCOOH8OHBaCO 23222 +↓→⋅+   (3) 
The amount of CO2 was evaluated from the difference between 

barium hydroxide solution content in the washer before and after CO2 
absorption. 

 
RESULTS 

Laboratory data in Figure 5 reveal that the rate of pH drop depends on 
the air flow rate and the initial concentration of NaOH. The residence time 
in washers for the gas phase was 5 dm3/dm3⋅min. The rate of the pH change 
depends on the NaOH solution concentration, the more alkaline solution in 
the aqueous phase, the slower the pH decrease. 
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Fig. 5. pH changes as a function of time with different air flow rates  

on a laboratory scale. 
 
 

Figure 6 presents the pH decrease as a function of time for 900 
dm3/min air flow rate on a pilot scale. The pH change is less visible here 
since a more alkaline solution was available per unit volume of air flow 
under laboratory conditions. 
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Fig. 6. pH changes as a function of time in pilot scale - for 900 dm3/min  

of air flow rate. 
 
 

CONCLUSION 
CO2 removal from gas mixture in the alkaline solution on a laboratory 

and a pilot scale was investigated. Preliminary CO2 absorption experiments 
using NaOH solution of different concentration indicated that: 

1. An increase in the alkaline concentration significantly enhances the 
CO2 absorption. 

2. Higher gas flow rate leads to a faster absorption of CO2 in alkaline 
solution on a laboratory scale. 

3. The experimental data for the ASH reactor show that the research 
program on rapid CO2 absorption in novel apparatus should be 
continued. 
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