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Abstract- Orthogonal experiments were conducted to evaluate the importance of operating parameters and investigate the 
impact of several key factors on the overall absorption rate in a proposed diameter-varying spray tower system. Range 
analysis results show that the order of significant factors for the overall absorption rate was CO2 concentration＞MEA 
concentration＞liquid flow rate＞gas flow rate. The results indicate that CO2 concentration and MEA concentration are key 
operating parameters that affect the overall absorption rate. Especially for CO2 concentration, a small change of CO2 
concentration may cause a significant change in the overall absorption rate. Hence, more efforts should be made to design an 
efficient CO2 capture system by especially paying attention to adjusting the CO2 concentration. With the given diameter-
varying spray tower system, the optimal overall absorption rate can be obtained at 35 wt% MEA concentration, 40 L·h-1 
liquid flow rate, 18.6 vol% CO2 concentration and 3 m3·h-1 gas flow rate. According to the trend analysis, the overall 
absorption rate increased dramatically with the increase of CO2 concentration, which further verified the significance of CO2 
concentration on CO2 absorption performance. 
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I. INTRODUCTION 
            
Effective CO2 reduction has become a vital 
international scientific and environmental issue in 
recent years [1, 2]. For CO2 reduction, carbon capture 
and storage (CCS) technology has been recognized as 
a promising method to significantly reduce CO2 
emissions from large-point sources such as power 
plants and heavy manufacturing industries [3]. 
Compared with other CCS methods, post-combustion 
carbon capture is a promising choice in the near and 
middle term since it is easier to be retrofitted to the 
existing plants without radical changes [4]. Therefore, 
in this paper, we would investigate an improved 
carbon capture system with a diameter-varying spray 
tower, focusing on the enhancement of post-
combustion CO2 capture process. 
 
Efficient reactors play an important role in post-
combustion CO2 capture [4, 5]. To enhance the 
performance of traditional CO2 spray absorption 
process, a diameter-varying spray tower was 
proposed by our research group to enhance the mass 
transfer performance of CO2 spray absorption 
process. The proposed diameter-varying spray 
absorption system has been proved to have good CO2 
capture performance [6, 7]. Liao et al. studied the 
mass transfer performance (in terms of volumetric 
overall mass transfer coefficient) of blended DEEA-
MEA solution for capturing CO2 in a lab-scale 
packed reactor through orthogonal tests and obtained 
the influence degree order of different operating 
parameters [8]. It verified the orthogonal 
experimental method can be used in optimizing the 

design and operation of the CO2 absorption system. 
However, little attention has been paid to the 
application of orthogonal tests in spray tower. In this 
research, orthogonal experiments were conducted to 
evaluate the importance of factors (operating 
parameters) and analyse the relationship between 
various factors and the mass transfer evaluation 
indices in terms of the overall absorption rate for the 
proposed diameter-varying spray tower. 
 
Compared with other operating parameters such as 
absorbent concentration, liquid flow rate and gas flow 
rate, the CO2 concentration of the feedstock flue gas 
is an most important factor which reflects the 
application possibility of the method in different 
industries [9]. 
Hence, this work will focus on investigating the 
significance of CO2 concentration on the CO2 
absorption performance through comparison with 
other operating parameters. 
 
II. EXPERIMENTAL METHOD 
 
2.1. Experimental Description 
The proposed diameter-varying spray absorption 
process is illustrated in Fig. 1(a) and structure and 
geometry of the diameter-varying spray tower is 
detailed in Fig. 1(b).  
 
The geometry parameters of the proposed diameter-
varying spray tower are listed in Table 1. Further 
information about the system has been published 
elsewhere, please seeing the published work for 
details [6, 7]. 
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(a)  
Fig. 1 Schematic of (a) experimental setup of CO2 absorption by aqueous MEA in the diameter-varying spray tower and (b) the 

detailed geometry of proposed spray tower. 
  

Table 1: Geometry parameters of the spray tower. 

 
* Refer to Fig. 1 (b). 
 
2.2. Experimental Design 
Orthogonal experimental design method was used to analyse the influence degree of MEA concentration (factor 
A), liquid flow rate (factor B), CO2 concentration (factor C) and total gas flow rate (factor D) on CO2 absorption 
performance indicated by the overall absorption rate (Φ). These variables were identified to greatly affect the 
CO2 absorption performance as previously discussed [9, 10]. The orthogonal design table L16 (45), which is an 
orthogonal array of five factors and each factor has four levels, as listed in Table 2. It was assumed that any two 
factors did not interact with each other. Sixteen trials was randomized to avoid any personal or subjective bias. 
Range analysis was carried out to reflect the optimal operating conditions and their magnitudes. Optimal 
conditions were obtained by the orthogonal experiments and the subsequent data analysis. 

 
Table 2: Orthogonal experimental design factors and levels. 
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2.3. Range Analysis 
There are two crucial parameters in the range 
analysis: Kji and Rj. Kji is defined as the sum of 
evaluation indices of all levels (i=1,2,3,4) in each 
factor (j=A, B, C, D) and kji (the mean value of Kji) is 
calculated to determine the optimal level and the 
optimal combination of factors. The largest kji gives 
the optimal level of each factor. Rj is calculated by 
the range between the maximum and minimum value 
of kji and it is used to evaluate the importance of 
factors. A larger value of Rj means the more 
importance of the corresponding factor. Take factor A 
and for an example, the calculation process is shown 
as following. 
 

                                     (1)                                                                                                                                

2 5 6 7 8= + + +AK                                      (2)                                                                                                           

3 9 10 11 12= + + +AK                                     (3)                                                                                                        

4 13 14 15 16= + + +AK                                    (4)                                                                                                            

  (5)                                                                                                      

max( ) min( )j Ai AiR k k                               (6)                                                                                                       
 
where kAi is the k value of i level for the factor A and 
Φi is the value of calculated CO2 overall absorption 
rate of the experimental number i. Other k values of 
the other three factors can be obtained by the same 
steps. 
 
2.4. The Overall Absorption Rate 
The overall absorption rate is an important parameter 
to evaluate the performance of a reactor. According 
to literature [11], the overall absorption rate is given 
as 

G 1 2( )

r

q Y Y

V


            (7)         

where Φ is the overall absorption rate, kmol·m-3·h-1, 
Y1 and Y2 are inlet and outlet mole ratio in gas phase, 
Vr is the volume of reactor, m3. 
As the diameter of the spray tower is varied with the 
height, the equivalent cross-sectional area is 
calculated by integrating the cylindrical section and 
conical section, which is expressed as 

2 2

1 1 2 2
1 1 2 2 4 4

d d
S S S

   
                               (8)                                                                                                         

where λ1, λ2 are proportionality coefficient; d1 is the 
diameter of cylindrical absorption section; d2 is the 
equivalent diameter of the conical absorption section. 
 
III. RESULTS AND DISCUSSION 
 
3.1. Range analysis  
According to the orthogonal design (Table 2), the 
total sixteen tests were considered to conduct. The 

calculated overall absorption rate and the range 
analysis results are shown in Table 3. As has been 
discussed, for each factor, a higher mean value (kji) 
indicates that the level has a larger effect on the 
overall absorption rate. Therefore, the best level for 
each factor can be determined by the highest mean 
value of the experimental condition (kji). Range value 
(Rj) indicates the significance of the factor’s effect 
and a larger Rj means the factor has bigger impact on 
the overall absorption rate.  
Table 3 shows that the overall absorption rate varies 
from 0.577 to 2.901 kmol·m-3·h-1. The highest overall 
absorption rate is obtained at 35 wt% MEA 
concentration, 40 L·h-1 liquid flow rate, 18.6 vol% 
CO2 concentration and 3 m3·h-1 gas flow rate. 
Comparing the range values of different factors, the 
factor’s level of significance for the overall 
absorption rate is in the order: CO2 
concentration＞MEA concentration＞liquid flow 
rate＞gas flow rate. The results indicate that CO2 
concentration and MEA concentration are key 
operating parameters that affect the overall absorption 
rate. Especially for CO2 concentration, a small 
change of CO2 concentration may cause a significant 
change in the overall absorption rate. For this reason, 
in order to achieve a higher overall absorption rate, it 
is better to control or adjust the operating values of 
CO2 concentration and MEA concentration rather 
than liquid flow rate and gas flow rate. 
 
Table 3: Range analysis results of the overall absorption rate. 

 
 
3.2. Trend analysis 
Fig. 2 shows the effects of various operating 
parameters on the overall absorption rate. Trend 
analysis showed that the overall absorption rate 
increases with liquid flow rate, MEA concentration, 
gas flow rate and CO2 concentration. However, the 
increasing trend are different. It can be seen from Fig. 

1 1 2 3 4= + + +AK    
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2 that the overall absorption rate increases 
dramatically with the increase of CO2 concentration. 
This also confirms that other factors are not as 
important as CO2 concentration, similar with the 
results from the range analysis. Both the range and 
trend analysis results indicate that industries need to 
put more effort to design a proper CO2 capture 
system by especially paying attention to adjusting the 
CO2 concentration. 

 
Fig. 2 Effects of various operating parameters on the overall 

absorption rate. 
 
CONCLUSIONS 
 
This work studied a proposed diameter-varying spray 
tower used for CO2 absorption with aqueous MEA 
solution. Orthogonal experiments were performed to 
evaluate the importance of factors and analyse the 
relationship between factors and the overall 
absorption rate. Range analysis indicated that the 
ranking of the significance of factors for overall 
absorption rate was determined to be as: CO2 
concentration＞MEA concentration＞liquid flow 
rate＞gas flow rate. This result suggests that CO2 
concentration and MEA concentration should be 
given the priority consideration in the CO2 spray 
absorption system. Especially for CO2 concentration, 
a small change of CO2 concentration may 
significantly change the overall absorption rate. 
Hence, industries need to put more effort to design an 
efficient CO2 capture system by especially paying 
attention to the CO2 concentration. Under the 
experimental conditions here, the optimal overall 
absorption rate was found to occur at a MEA 
concentration of 35 wt%, a liquid flow rate of 40 L·h-

1, a CO2 concentration of 18.6 vol% and a gas flow 
rate of 3 m3·h-1. According to trend analysis, the 
overall absorption rate increased dramatically with 
the increase of CO2 concentration. The result also 
confirms that other factors are not as important as 
CO2 concentration. Both the range and trend analysis 

results indicate that industries need to put more effort 
to design an efficient CO2 capture system by 
especially paying attention to the CO2 concentration. 
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