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1-INTRODUCTION    
 

The reduction of carbon dioxide emissions is vital to 
avoiding environmental problems. CO2 conversion 
and utilization can play important role in solution. 
Proper use of chemical processing can add economic 
value to the CO2 disposal by making industrially 
useful products. The chemical industry to produce 
sodium bicarbonate from flue gas, which is an 
environmentally friendly process, is a good 
alternative . 



NaHCO3 is a product has many applications such as in: 

 
1. food industry.  
2. Pharmaceutical industry. 
3. fire extinguishers. 
4. Soap. 
5. Detergents. 
6. additive in animal feeds. 

7.  paper industry. 

8. plastic foaming. 

9. water treatment.   

10. leather treatment. 

11.  drilling mud to improve fluidity.  

 

 

1-INTRODUCTION    
 



 Sodium bicarbonate is usually produced by 
the dispersion of a CO2 gas in a solution of 
sodium carbonate (Na2CO3) in a bubble 
column. The CO2 conversion in this 
conventional process is not exceeding 50% for 
a column height of 20 meters as shown in 
figure (1). And the chemical equation is as 
follows: 

 

Na2CO3 + CO2 + H2O ↔ 2NaHCO3              (1.1) 
 



Figure (1): conventional bubble column to produce sodium bicarbonate 



 A process unit for almost complete removal 
of CO2 in flue gas (about 100% CO2 removal) is 
to be used to produce sodium bicarbonate 
using two columns system, as shown in Figure 
(2). The first column is a packed bed to 
prepare the solution of sodium carbonate from 
sodium hydroxide solution and CO2. The 
second column is the conventional bubble 
column to produce sodium bicarbonate. 
 



Figure (1.1): Production of sodium bicarbonate in two columns process. 



This work is focused on the first column because the 

second column was well studied in previous studies. 

Although this chemical process, of packed bed column to 

prepare the solution of sodium carbonate from sodium 

hydroxide solution and CO2, is very popular process, the 

design and simulation of the process requires information that 

is difficult to obtain in previously published research works. 

The process involves many complications in hydrodynamics, 

system equilibrium, and mass transfer with chemical reaction. 

 



2-OBJECTIVES 

There are many unclear points in previous work mathematical models, and little previous 

researches existed for utilizing flue gas carbon dioxide in the production of sodium 

bicarbonate. In the present work, carbon dioxide in flue gas (at low concentration) was 

utilized in the production process of sodium bicarbonate.                                                   

 The objectives of this study are : 
1. To find a suitable mathematical model for the design and 

simulation of the first packed bed column absorber for CO2 in 
flue gas by sodium hydroxide solution to produce sodium 
carbonate solution which feed to the second bubble column to 
produce sodium bicarbonate. 

2.  To validate the model with the literature. 
3.  To study the effect of the operating conditions on the 

performance of the packed bed column. 

 
 



3-MATHEMATICAL MODEL 
 A mathematical model was developed for the simulation of a gas-liquid 

absorption packed column operating under a continuous mode for the 

absorption of carbon dioxide in to caustic soda  to produce the sodium 

carbonate feed to conventional bubble column to produce sodium 

bicarbonate . 

 The following assumptions are taken into account during the model 

development : 

1. One dimension flow in Z direction . 

2.  Steady state. 

3.   Equilibriums condition at the gas liquid interface. 

4.   Henry’ s law is valid. 

5.  End effects is neglected. 

6.  Isothermal condition. 



7. Partial pressure of CO2 is neglected in the bulk solution because 

carbon dioxide concentration in the liquid phase is very low and CO2 

reacts with the hydroxide sodium rapidly. 

8. Gas film resistance is neglected .  

9. CO2 consumption and absorption rate are the same because reaction is 

rapid. 

10. Water evaporation is neglected. 

 

Figure (2) shows the required dates, available tools and the assumptions 

used in (modeling and simulation) process for system NaOH-CO2 . 

 

 

 

 

 



Figure(3.1): Required data and available tools for 

modeling and simulation 



Figure(4) Differential Control Volume 

 



3.1 Gas phase :- 

In=G                       

Out= G+dG 

Generation =0 

Consumption=(- 𝑁𝐶𝑂2 ∗ 𝛼𝑔 )*∆z 

By subtracting In,Out,Generation,and consumption in eq.(1) and dividing by ∆z and take 

limit when ∆z approach to zero we get : 

 

 

dG

dz
 = - NCO2 ∗ αg        . . . . . . . . (2) 

Material balance around control volume shown in figure( 4 ) for the gas phase 

In-Out+Generation-Consumption= 0          ……….(1) 

d(G1)

dz
 = - NCO2 ∗ αg        . . . . . . . . (3) 

B.C       At : z=0                 B.C.1 : G=Gin                          

B.C.2 : (G1)=(G1) in   at z=h,   
𝒅𝑮𝟏

𝒅𝒛
= 𝟎 



 
    

3.2 Liquid phase  

The control equation in the liquid phase is derived from mole balance around the differential 

element: 

𝐝𝐋

𝐝𝐳
 = 0       . . . . . . . . (𝟒) 

For Sodium Carbonate      : d

dz
(L1) = −1. NCO2 ∗ αg        . . . . . . . . (5) 

L= Liquid molar velocity and 1, 2, and 3 represented the species Na2CO3, NaOH and H2O 

respectively  

For Sodium hydroxide     : 
d

dz
(L2) = 2. NCO2 ∗ αg        . . . . . . … . (6) 

For Water  :                          :  
d

dz
(L3) = −1. NCO2 ∗ αg        . . . . . . . … (7) 

 

 In=L+dL                       

Out= L 

Generation =1*(NCO2 ∗ αg )*-∆z 

Consumption= -2*(NCO2 ∗ αg )*-∆z 

By subtracting In,Out,Generation,and consumption in eq.(1) and dividing by -∆z and take limit 

when ∆z approach to zero we get : 

B.C :    At z=zn     B.C.3 : L=Lin    B.C.4 : L1=(L1) in,    L2=(L2) in        L3=(L3) in        



4. EQUATIONS OF MASS TRANSFER AND HYDRODYNAMIC PARAMETERS 
THAT USED IN MATHEMATICAL MODEL  
 

The pressure distribution and partial pressure of CO2: 

 

∆𝑃

𝑑𝑧
= 150

1−𝜀
𝐷𝑝𝐺0

𝜇𝑔

𝜀3

1−𝜀

𝜌

𝐺0
2

+ 4.2

1−𝜀
𝐷𝑝𝐺0

𝜇𝑔

1
6

𝜀3

1−𝜀

𝜌

𝐺0
2

                                          (1) 

𝑃 𝑧 <𝑃𝑜 − ∆𝑝                                                                 (2) 

 

𝑃𝑧 𝐶𝑂2 = 𝑃(𝑧). 𝑦                 (3) 

 

The  flooding diameter: 

𝑚𝐿
∗ = 𝑄𝐿 ∗ 𝜌𝐿            (4) 

 



𝑚𝐺
∗ = 𝑄𝐺 ∗ 𝜌𝐺             (5) 

 

𝐹𝐿𝑉 =
𝑚𝐿

𝑚𝐺

𝜌𝐺

𝜌𝐿

0.5
          (6) 

 

𝐾4 = 0.5869𝐹𝐿𝑉;0.646          (7) 

 

𝑉𝑤
∗ = (

𝐾4𝜌𝐺𝜌𝐿

13.1𝐹𝑃(
𝜇𝐿
𝜌𝐿

)0.1
)0.5         (8)  

𝐴∗ =
𝑉𝑤

∗

𝑚𝐺
                                                                    (9) 

 

𝑢𝑔 =
𝑢𝑔

2
         flooding 50%                                                  (10) 

𝐴 =
𝐴

2
            flooding 50%                                                  (11) 

𝐷 = (
4𝐴

𝜋
)0.5    flooding 50%                                                  (12) 



 Effective area of wetted packing per unit volume of packing: 

      there are many equations to calculated it as shown  in table below: 

  Table (2.2) surface area correlations for packed-bed column     

 

 

 

 

 

 

 

 

In calculations, onda equation was used because results from this equation is 
closer to the results in literature: 

𝒂𝒆

𝒂𝑷
= (𝟏 − 𝒆 −𝟏. 𝟒𝟓

𝝈𝒄

𝝈𝑳

𝟎.𝟕𝟓
𝑹𝒆𝑳

𝟎.𝟏𝑭𝒓𝑳
;𝟎.𝟎𝟓𝑾𝒆𝑳

𝟎.𝟐 )       (13) 

 

 

No. Reference Correlation 

1 (Billet & 

Schults,1993) 

𝑎𝑒

𝑎𝑃
= 1.5(𝑎𝑃𝑑ℎ);0.5𝑅𝑒𝐿

;0.2𝑊𝑒𝐿
0.75𝐹𝑟𝐿

;0.45  

2 (Bravo, 1982) 𝑎𝑒

𝑎𝑃
= 0.498(

𝜍0.5

𝑍0.4)(𝐶𝑎𝐿𝑅𝑒𝐺)0.392  

3 (Tsai, 2010) 𝑎𝑒

𝑎𝑃
= 1.34[(

𝜌𝐿

𝜍
)𝑔1/3(

𝑄

𝐿𝑃
)4/3]0.116  

4 (Olujic, 1999) 
𝑎𝑒

𝑎𝑃
=

1;𝛺

1:
𝐴

𝑢𝐿𝑠
𝐵

  



 Carbon Dioxide Molecular Diffusion Coefficient (𝑫𝒄𝒐𝟐 ): 

 

       The below equation is used for  obtain carbon dioxide molecular diffusion 

 

      𝐷𝐶𝑂2𝑤 = 2.35 ∗ 10;5𝑒(
;2119

𝑇
)                                        (14)  

     𝐷𝐶𝑂2 = 𝐷𝐶𝑂2𝑤. (
𝜇𝑤

𝜇𝐿
)0.8                                                    (15) 

 Henry constant (H): 

 

The below equation is used for  obtain Henry Constant (H) (Pohorecki & Moniuk, 
1988): 

  𝑙𝑜𝑔
𝐻

𝐻𝑤
= −𝛴ℎ𝑠. 𝐼                                                                              (16) 

   𝑙𝑜𝑔𝐻𝑤<
1140

𝑇
− 5.2                                                                            (17) 

  

 



 Liquid Phase Mass Transfer Coefficient ( 𝑲𝑳) 

There are many equations to calculated it as shown  in table below: 

 Table (2.4): Mass transfer coefficient correlation 

 No. References  Correlation  

1. (Onda, 1968)   

𝑘𝐿 = 0.0051(
𝐿

𝑎𝑤𝜇𝐿
)2/3(

𝜇𝐿

𝜌𝐿
);.5(𝑎𝑣𝑑𝑝)0.4  

  

2. (linek. 2001) 
𝑘𝐿 =

𝑑1

𝑏1
𝐵𝑑2;𝑏2:𝑏3𝑙𝑜𝑔𝐵  

3. (Mangers and Ponter, 

1980)  

𝑘𝐿𝑎

𝐷
= 3.90 × 10;3(

𝐿

𝜇
)𝛼(

𝜇

𝜌𝐷
)0.50(

𝜌2𝑔𝑑3

𝜇2 )0.27(
𝜌𝜍3

𝜇4𝑔
)0.33(

1

𝑀.𝑊.𝑅
)1.6  

4. (Brunazzi, 1997)  
𝑆ℎ𝐿 = 𝐴

𝐺𝑧𝐵

𝐾𝑎𝐶 ,𝐾𝑎 =
𝜍3𝜌𝐿

𝜇𝐿
4𝑔

, 𝐺𝑧 = 𝑅𝑒𝐿𝑆𝑐𝐿
𝛿

𝐻
 

5. (Olujic, 1999) 
𝑘𝐿 = 2

𝐷𝐿𝑢𝐿

𝜋0.9𝐷ℎ𝐺
  

6. (Billet and Schults, 

1993) 
𝑘𝐿 =

2

𝜋
𝐷𝐿

𝑢𝐿

ℎ𝐿𝑙𝑛
  

7. (Rocha-Bravo-Fair, 

1996) 
𝑘𝐿 = 2

𝐷𝐿𝐶𝐸𝑢𝐿𝑒

𝜋𝑆
  



In calculations, onda equation was used because results from this equation is 
closer to the results in literature: 

𝑘𝐿 = 0.0051(
𝐿

𝑎𝑒𝜇𝐿
)2/3(

𝜇𝐿

𝜌𝐿
);.5(𝑎𝑣𝐷𝑝)0.4                          (18) 



  Constant rate reaction (k2): 

There  are many equations to calculated it as shown  in table below: 

Table (2.6): Proposed correlations for constant rate reaction 

 

 

 

 

 

 

 

Pohorecki equation  used in calculations,  because results from this equation is closer to 
the results in literature:  

𝑙𝑜𝑔𝑘2 = 11.895 −
2382

𝑇
+ 0.221𝐶𝐵 − 0.016. (C𝐵)2                      (19) 

 

No. References Correlation 

1 (Barett  1966) 𝑙𝑜𝑔𝑘2 = 11.8609 −
2338.28

𝑇
+ 0.1317. 𝐶𝑁𝑎𝑂𝐻

0   

2 (Astarita 1966) 𝑙𝑜𝑔𝑘2 = 13.635 −
2895

𝑇
+ 0.160. 𝐶𝑁𝑎𝑂𝐻

0   



 Enhancement factor (E): 

 The enhancement factor describes the effect of chemical reaction 

on the liquid side mass transfer coefficient, and can be defined as the 

ratio of kL, in the presence of chemical reaction, to the koL, in the 

absence of chemical reaction, for identical mass transfer driving force. 

 

 For NaOH-CO2 solution system and data available  Figure (4) show 

how to calculate enhancement factor Ei is the enhancement factor for 

an infinitely fast reaction.MH is the maximum possible conversion in the 

film compared with maximum transport through the film. 

 



Figure (2.4): The enhancement factor for fluid-fluid reactions of MH and Ei 

modified 

 



𝑀𝐻 =
𝐷𝐴𝐾𝐶𝐵

𝐾𝐿
                                             (20) 

𝐸𝑖 = 1 +
𝐷𝐵𝐶𝐵𝐻𝐴

𝑏𝐷𝐴𝑝𝐴𝑖
                                               (21) 

 The pseudo first order reaction by the G/L interface. 

 

 

In case 𝑀𝐻 <
𝐸𝑖

5
 

𝐸 = 𝑀𝐻                                                   (22) 

Instantaneous reaction at a plane on the L film. 

 

𝑀𝐻 > 5𝐸𝑖 

𝐸 = 𝐸𝐼                                                     (23) 

fast second order reaction in L film. 

The correlation represent that. 

 

𝐸 = 0.99994𝑀𝐻
0.0000381𝐸𝑖

0.999984                      (24) 



Figure(3.2):Flowchart for the steps of mathematical model 

solution. 

5. Model solution procedure 
The steps of model solution procedure can be illustrated in figure 7 



6.Results and Discussions  

The present mathematical model is used for simulating the preparation of Na2CO3 

solution from CO2 of flue gases and NaOH solution in a packed reactive absorption 

column. 

 Plug flow one dimensional model is used, studying the process variables: 

1. pressure (P). 

2.  gas molar velocity (G). 

3. CO2 gas mole fraction (y). 

4.  liquid  molar velocity (L).  

5. Na2CO3 concentration (x1). 

6. NaOH concentration (x2).  

 

  

Introduction 



 The mathematical model was constructed based on one dimension countercurrent two 

phase molar velocities balance. For the mass transfer from gas to liquid phase, Danckwarts 

theory was used for CO2 absorption involving mass transfer with chemical reaction. 

 The column was divided into (n) elements with small  increment height (dz).  

The objective variables of the process are: 

1.  column diameter (D). 

2.  column height (Zz). 

3.  complete CO2 conversion (100%),. 

4. The preparation of liquid solution flowrate with specified sodium carbonate concentration (x1).   

 

 



 The model was validated with previous work. The solution of the model 

produced the most process parameter distribution through the column. Column 

diameter (D) was found for 50% flooding condition. 

The changed process variables ranges are (QG=1500-3000m3/hr), (y1=0.04-0.12), 

(QL=5-20) and ceramic Racshig Ring with different size (6mm, 12mm, 25mm and 

38mm) are used. 

 



6.2. Process parameters in the model 
Table (4.1) shows the process parameters which used for the solution of CO2-

NaOH solution packed absorption column model. Constant parameters, Henry 

Constant (H), Molecular Diffusion Coefficient of CO2 in Water (DCO2w), 

Molecular Diffusion Coefficient of CO2 in solution (DCO2) and mass transfer 

coefficient (KL) were used. 



Table (4.1) The model process parameters 

 No. Parameter Units  Range  

1  Gravity acceleration (m/sec
2
) 9.81 

2 Column diameter  (m) 1.1088 

3 Constant  reaction rate of second order (K2)  (m
3
/mol.sec) 5.8252 

4 Critical surface tension of packing material 

(sc) 

(N/m) 0.0610 

5 Density of  sodium Carbonate (kg/m
3
) 2540 

6 Density of gas  (kg/m
3
)  

8 Density of sodium hydroxide (kg/m
3
) 2130 

9 Density of Water (kg/m
3
) 1000 

10 Effective Particle Diameter (Dp) (m) 0.0092 

11 Enhancement factor (E) (------) (1-59.6172) 

12 Enhancement infinitely factor (Ei)  (------) (1-59.6172) 

13 Flux of mass transfer (NCO2) (mol/m
2
.sec) 1.4056*10

-9 

14 Gas constant (R) j/mole.k 8.314 

15 Gas Molar Velocity enter the Column (G)  (mol/m
2
.sec) (8.9266-10.1158) 

16 Gas Superficial Velocity (ug) (m/sec) 0.3405 

17 Hatta number (MH) (------) 0.5845-434.2504 

18 Henry Constant (H) (mol/Pa.m
3
) 3.203*10

-4 

19 Henry Constant of Water (HW) (mol/Pa.m
3
) 0.0390 

20 Mass flux increment (N) (mol/m
2
.sec) 1.4589*10

-6 

21 Mass transfer coefficient (KL) (m/sec) 3.5651*10
-5 

22 Molar Velocity of air (Gyair) (mol/m
2
.sec) 8.9019 

23 Molar Velocity of CO2 (Gy) (mol/m
2
.sec) 1.2139 

24 Molecular Diffusion Coefficient of CO2 in 

solution (DCO2) 

(m
2
/sec) 1.3753*10

-9 

25 Molecular Diffusion Coefficient of CO2 in 

Water (DCO2w) 

(m
2
/sec) 1.6991*10

-9 

26 Molecular weight of sodium  Carbonate (g/mole) 109 

27 Molecular weight of sodium hydroxide (g/mole) 40 



6.3 CASE STUDY   

A typical case study of the solution of the present model is used. The process 

variables are; Qg= 2000 m3/hr, y= 0.12, QL= 5 m3/hr, and using 25 mm ceramic 

Raschig ring of Contact surface area a= 190 m2/m3 and free space e=0.71. 

 

 
Figure (4.1): Pressure distribution 

in the column is an agreement 

with previous studies  (1.0185-

1.02 *10^5 Pa) the diffence in 

CO2 partial pressure leading to 

the higher absorption rate. 

 

Figure (4.2):Distribution of gas 

molar velocity G along the 

packed-bed column 



Figure (4.3): 

Mole fraction of CO2 gas (y) 

along the packed- bed 

column.  

The absorption occurred 

instantaneously and the 

outlet ]CO2 composition was 

decreased a minimum value 

with increasing column 

length.  

Figure (4.4): Conversion of 

CO2 along the packed bed 

column. 

Completely removal of CO2 

composition.  



Figure (4.5): Mass 

concentration of sodium 

carbonate along the packed 

bed column. 

 

 

 

 

 

 

 

 

 

Figure (4.6): Mass 

concentration of sodium 

hydroxide solution along the 

packed-bed column.  

 

 

 

 

 

 

 

 

 

 

 



Figure (4.7): Concentration of 

sodium hydroxide solution 

along the packed-bed 

column. 

 

 

 

 

 

 

 

 

 

Figure (4.8): Distribution of 

second order reaction rate 

with various concentration of 

sodium hydroxide. 

With increasing k2 was 

enhanced the absorption 

rate.  

 

 



Figure (4.9): Distribution of Hatta 

number with various 

concentration of sodium 

hydroxide. 

Increased Hatta number 

enhanced the absorption rate . 

 

 

 

 

 

 

Figure (4.10): Distribution of 

enhancement factorvarious 

concentration of sodium 

hydroxide.  

The increase in enhancement 

factor indicates that the 

reaction occurred in the best 

manner and obtained a 

complete removal. 

 

 

  



6.4 VERIFICATION OF THE MODEL 

At this conditions packed bed column of 10mm Glass Raschig Ring, Contact 

surface area a=440 m2/m3, free space e=0.54, and 1.5 m height of packed 

column with semi batch operation. 

 Figure (4.11): Pressure distribution 

along packed-bed column 

(1.0192-1.02*10^5 Pa). 

 

 

 

 

 

 

Figure (4.12): Gas molar velocity 

distribution along the packed-

bed column (6.3-7.4 

mole/m2.sec). 



Figure (4.13): Mole fraction 

distribution of CO2 along the 

packed-bed column (0-15%). 

 

 

 

 

 

Figure (4.14): Conversion 

distribution of CO2 along 

packed-bed column. 

 

 

 

 

 

  

Figure (4.15): Mass 

concentration distribution of 

sodium carbonate along 

packed-bed column. 



Figure (4.16): Mass 

concentration distribution of 

sodium hydroxide along 

packed-bed column. 

 

 

 

Figure (4.17): Sodium 

hydroxide concentration 

distribution along the packed-

bed column.  

 

 

 

 

 

Figure (4.18): Effect of initial 

sodium hydroxide 

concentration on column 

height at total CO2 

conversion. 



6.5 EFFECT OF PROCESS VARIABLES  
1. Effect of gas molar velocity (G) at this conditions QL=5 m3/hr,  y=0.12, 25 mm 

Ceramic Racshig Ring. 

 
Figure (4.19): Pressure 

distribution at different gas 

flow rate (1500-3000 m3/hr). 

 

 

 

 

 

 

Figure (4.20): Gas molar 

velocity distribution (24.5-

30.5 mole/m2.sec)   



Figure (4.21): Co2 mole 

fraction distributions along the 

packed-bed column. 

 

 

 

 

 

 

Figure (4.22): CO2 conversion 

distribution along the packed-

bed column. 

 

 

 

 

 

Figure (4.23): Sodium 

hydroxide mass concentration 

at different gas flowrate. 

 



Figure (4.24): Sodium hydroxide 

mass concentration at 

different gas flowrate. 

 

 

 

 

 

Figure (4.25): The sodium 

carbonate mass fraction of 

outlet liquid increased with 

increasing gas flowrate from 

(0.15-0.22) 

 

 

 

 

Figure (4.26): The sodium 

hydroxide mass fraction of inlet 

liquid increased with increasing 

gas flowrate from (0.005-0.186).  



Figure (4.27): The hieght of 

the column for 100% 

conversion varied slitely 

(Zz=1.42-1.46 m) with gas 

flowrate. This is because the 

column diameter were also 

changed according the 50% 

flooding operation with the 

change of gas flowrate. 

 

 

 

Figure (4.28): The column (dc) 

increased with increasing gas 

flowrate. 

 

 

 

 

 

 

 

   



2. Effect of CO2 mole fraction at this conditions 25 mm Ceramic Racshig Ring, . 

QG=2000m3/hr, QL=5m3/h, y= 0.04-0.12. 

The of the column for 100%conversion remained constant (Zz=1.4m) with 

increasing CO2 gas mole fraction. This is because the input liquid concentration 

of NaOH also changed according to mass balance requirement. 

 
 

Figure (4.29): Pressure 

distribution at different mole 

fraction of CO2. 

 

 

 

 

 

 

 

Figure (4.30): Gas molar 

velocity distribution at 

different mole fraction of 

CO2. 



Figure (4.31): Mole fraction of 

CO2 distribution (0.04-0.12). 

 

 

 

 

 

 

Figure (4.32): CO2 conversion 

distribution at different mole 

fraction along the packed-bed 

column. 

 

 

 

 

 

 

Figure (4.33): Sodium 

carbonate mass concentration  

at different mole fraction along 

the packed-bed column. 



Figure (4.34): Sodium hydroxide 

mass concentration at 

different mole fraction of CO2. 

 

 

 

 

 

 

 

 

Figure (4.35): The sodium 

carbonate mass fraction  of 

outlet liquid increased with 

increasing the mole fraction of 

CO2 gas from (0.04-0.12). 

 

 

 

Figure (4.36): The sodium 

hydroxide mass fraction of inlet 

liquid increased with 

increasing the mole fraction of 

CO2 gas from (0.04-0.12).  



3. Effect of liquid flow rate (QL) at this conditions y=0.12, 25 mm Ceramic Racshig 

Ring QL= 5-20 m3/hr. 

 Figure (4.37): Pressure 

distribution at different liquid 

flow rate along the packed-

bed column. 

 

 

 

 

 

 

 

 

Figure (4.38): Gas molar 

velocity  distribution at 

different liquid flow rate along 

the packed-bed column. 



Figure (4.39): Mole fraction 

distribution at different 

liquid flow rate along the 

packed-bed column. 

 

 

 

 

 

 

 

Figure (4.40): CO2 

conversion distribution at 

different mole fraction 

along the packed-bed 

column.  

When aqueous NaOH 

solution volume flow rate 

increased from 5m3/hr to 

20m3/hr the removal 

efficiency decresed.  



Figure (4.41): Sodium 

carbonate mass concentration 

at different packing size. 

 

 

 

 

 

 

 

 

 

 

Figure (4.42): Sodium hydroxide 

mass concentration at different 

packing size. 



Figure (4.43): The sodium 

carbonate mass fraction of 

outlet liquid decreased  with 

increasing liquid flow rate. 

 

 

 

 

 

 

 

 

Figure (4.44): The sodium 

hydroxide mass fraction of 

outlet liquid decreased  with 

increasing liquid flow rate. 

 



Figure (4.45): The hieght of the 

column for 100% conversion 

varied slitely (Zz=1.42-1.46m) 

with liquid flow rate. 

 

 

 

 

 

 

 

 

Figure (4.46): The column 

diameter (dc) increased with 

‘mincreasing liquid flow rate 

because flooding operation 

conditions . 

 

 



4. Effects of type packing size at this conditions  

 Figure (4.47): Preesure 

distribuion at different packing 

size along the packed-bed 

column.  

 

 

 

 

 

 

 

 

 

Figure (4.48): Gas molar 

velocity distribution at 

different packing size along 

the packed-bed column. 



Figure (4.49): Mole fraction of 

CO2 at different packing size 

(6mm, 12mm, 25mm, and 38 

mm). 

The more effective area, the 

greater the contact area and 

thus the greater mass transfer 

rate. Therefore, we need a 

lower height in order to obtain 

a complete absorption. 

 

Figure (4.50): Conversion of 

CO2 at different packing size 

(6mm, 12mm, 25mm, and 

38mm) along the packed-bed  

column. 

The lower effective interfacial 

area is caused of the lower 

absorption performance in the 

column. 

 

 



Figure (4.51): The  sodium carbonate 

mass fraction of outlet liquid slightly 

changed with changing packing size 

because the gas and liquid flowrates 

are constant. 

 

 

 

 

 

 

 

 

Figure (4.52): The  sodium hydroxide 

mass fraction of outlet liquid slightly 

changed with changing packing size 

because the gas and liquid flowrates 

are constant 



Figure (4.53): The column 

height for 100% conversion (Zz) 

increased with increasing 

packing size because the 

effective area decreased here 

we need more to completely 

remove the CO2. 

 

 

 

 

 

 

 

 

Figure (4.54): The column 

diameter (dc) decreased with 

increasing packing size 

because the total packing 

area and packing factor 

decreased there the 50% 

flooding diameter decreasing . 

 

 



7.Conclusions 
The following conclusions can be obtained from the present work:  

1- The mathematical model used is useful to simulate sodium carbonate preparation 

suitable for feed to a bubble column reactor utilizing the CO2 in flue gas to produce 

sodium bicarbonate. The solution of the model yields results in agreement with privious 

stuidies. 

2- The height of column for 100% CO2 conversion was noticed to be less than 1.5 m for 

the ranges of variables used.  

3- Reaction parameters ranges for k2,  MH, and E which  used in the model, are in 

agreement with that of literure. 

4- The sodium carbonate mass fraction (x1) of outlet liquid and the sodium hydroxide 

mass fraction (x2) of inlet liquid increased with increasing gas flowrate (QG), CO2 mole 

fraction (y). 

5- The sodium carbonate mass fraction of outlet liquid and the sodium hydroxide mass 

fraction of inlet liquid decreased with increasing liquid flowrate. 

 



6- The column diameter (dc) increased with increasing gas flowrate 

(QG), liquid flowrate (QL) for 50% flooding operation. 

7- The column diameter (dc) decreased with increasing packing size for 

50% flooding operation. 

8- No effect of CO2 mole fraction (y) on the column diameter (dc) at 

constant other parameters. 

 



 1. Systematic experimental study of sodium carbonate production in packed bed 

column using CO2 in flue gas and sodium hydroxide solution. 

2. Pilot plant or industrial scale is required for the application of the process of 

sodium carbonate production in packed bed column using CO2 in flue gas and 

sodium hydroxide solution, suitable for feed to a bubble column reactor to produce 

sodium bicarbonate.  

8.Recommendations 



Thank You 
For Your 
Listening 


