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One of the main problems with tray rectification apparatuses is the 

kinetic studies of mass exchange, which are complicated due to 

difficulties in determining the volumetric interfacial area formed during 

the dispersion of the vapour phase in the liquid on the tray as well as 

the mixing of the liquid as it moves on the tray and the presence of 

impurities in the separated mixtures. The interfacial area is a major 

characteristic of the gas-liquid layer on the tray and directly affects the 

mass-transfer process. The present work aims to contribute to this area 

of study by proposing an experimental computational method for 

determining the volumetric interfacial area, . The method is only 

applicable for the studied laboratory single-sieve tray glass column. 
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Introduction:- 
Mass exchange processes are among the most common and most important processes in the chemical industry. They 

involve the transfer of one or more substances from one phase to another. These processes are used for the 

separation of heterogeneous and homogeneous gas and liquid mixtures into simple components or fractions. This 

group of processes features the processes for fluid-fluid separation, namely adsorption, distillation, rectification and 

extraction. 

 

In a number of cases, the efficiency of an apparatus in which a mass exchange process takes place has to be 

evaluated using both the mass transfer coefficient (the amount of substance transferred per time through an 

interfacial surface area at a driving force) and the efficiency coefficient. 

 

One of the main problems with tray rectification apparatuses is the kinetic studies of mass exchange, which are 

complicated due to difficulties in determining the volumetric interfacial area formed during the dispersion of the 

vapour phase in the liquid on the tray as well as the mixing of the liquid as it moves on the tray and the presence of 

impurities in the separated mixtures [1]. 

 

The interfacial area is a major characteristic of the gas-liquid layer on the tray as it directly affects the mass-transfer 

process. To calculate the interfacial area, a number of empirical correlations attained after summarizing 

experimental data obtained via different methods (photographic, chemical) mainly for sieve trays have been 

proposed [2-4]. These correlations have limited validity for the studied tray design. 

 

It should be noted that most studies aimed at determining the interfacial area are experimental. This is due to the 

lack of universal analytical or mathematical methods for the calculation of the interfacial area for separation and 
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heat transfer processes which could be used to more easily develop innovative separation equipment and solve the 

problem of optimum layout in the initial design stage. 

 

The aim of the present work is to propose an analytical solution for the determination of the interfacial area in the 

separation by rectification of the following binary mixtures: Water – Acetic acid, Tetrachloromethane – Toluene and 

Dichloroethane – n-Propyl alcohol under conditions of complete mixing of the liquid phase and mode of ideal 

displacement by vapour phase. To approximate these ideal motion patterns of the two phases the experiments were 

carried out in a small-scale single-sieve laboratory glass column [5]. 

 

Computational  

In mass exchange processes, the two phases between which the transfer of a substance takes place come into direct 

contact with each other. As a result, during the process the so-called interfacial area is formed. 

 

A typical feature of the interfacial area in bubble cap columns is its flexible (dynamic) character. The interfacial area 

depends on the hydrodynamic modes, which in turn depend on the flow rates of the two fluids and the design of the 

contact device [6]. 

 

The calculation of the volumetric interfacial area in rectification for the three mixtures studied is based on a 

proposed method which applies a comparison between the experimentally obtained total volumetric coefficient of 

vapour phase mass transfer (  and the total vapour phase mass transfer coefficient calculated using 

Higbie’s penetration model for the same mixtures and conditions ( [7].  

 

  (1) 

 

The method has an experimental computational character, because , [m 
2
/m

3
] is determined by processing both 

experimental and theoretically calculated data. The method is applicable only for the studied laboratory model 

column with a single sieve tray when the following conditions are observed: 

- the liquid phase moves in a full mixing mode on the tray; 

- the vapour phase moves in a full displacement mode (piston mode); 

- the column operates in a full reflux mode at atmospheric pressure; 

- a model sieve tray with external outlet weirs is installed in the column. 

 

The calculation of the total mass transfer coefficient of the vapour phase is based on the additivity principle of phase 

resistances, the penetration model and Higbie’s model [8, 9]: 

 

   (2) 

 

According to the additivity principle of phase resistances, the total resistance of the process is the sum of the 

resistances in the individual phases. 

 

According to the penetration model, to describe the transfer of a substance through a mobile interfacial area, it is 

assumed that turbulent eddies carry certain volumes of fluid from the flow core to the edge area. For the short 

contact time, the molecules of the diffusing substance are transferred to the other phase through nonstationary 

diffusion, also known as penetration. The reacted elements are then taken back to the core of the stream and new 

ones are brought in in their place. 

 

According to Higbie’s model, the mass transfer coefficients for the vapour and liquid phases at equal contact time 

for all elements are calculated using the following dependence [8]: 

 

      (3) 
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      (4) 

 

The calculation of the molecular diffusion coefficient for the vapour phase  and the liquid phase  is carried out 

by means of the following formulae [2, 10]: 

    (5) 

 

     (6) 

 

We assume that the contact time for the vapour phase is equal to the residence time of the vapour phase in the gas-

liquid layer, i.e. the following dependence is in force: 

 

       (7) 

The contact time for the liquid phase  is calculated by means of the dependence: 

 

           (8) 

 

To determine the total volumetric mass transfer coefficient by vapour phase  the following equation is used: 

 

    (9) 

 

The volumetric interfacial area is calculated using the following equation, where hn and EOG are determined 

experimentally and  is calculated using the methodology proposed above. This determines the experimental 

computational nature of the present method for calculating the volumetric interfacial area , m
2
/m

3
.  

 

  (10) 

 

The relative deviation in the determination of the volumetric interfacial area is calculated by the following equation: 

 

  (11) 

The standard deviation  is calculated using formula (11): 

      (12) 

The dispersion  of the values calculated by means of the developed methodology for the volumetric 

interfacial area  is calculated by the formula: 

 (13) 

 

Results and Discussion:- 
The effect of the column vapour velocity wп on the calculated values of the relative interfacial area  determined by 

the proposed methodology for the three binary mixtures Water – Acetic acid, Tetrachloromethane – Toluene and 

Dichloroethane – n-Propyl alcohol is presented in Fig. 1: 
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Fig. 1:- Dependence of the relative interfacial area  on the vapour velocity wп in the column determined by the 

proposed methodology for the Water – Acetic acid binary mixture 

 

As can be seen from Fig. 1, the increase of the vapour velocity (about 4 times) led to a minor increase of the relative 

interfacial area of the Water – Acetic acid mixture for the whole velocity interval studied (about 15%). 

 

For the Tetrachloromethane – Toluene binary mixture, the increase of the vapour velocity in the column from 0.029 

to 0.081 m/s led to a significant decrease of the relative interfacial area for the whole velocity interval studied (about 

35%) (Fig. 2): 

 

 
Fig. 2:- Dependence of the relative interfacial area  on the vapour velocity wп in the column determined by the 

proposed methodology for the Tetrachloromethane – Toluene binary mixture. 
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Fig. 3:- Dependence of the relative interfacial area  on the vapour velocity wп in the column determined by the 

proposed methodology for the Dichloroethane – n-Propyl alcohol binary mixture. 

 

As can be seen from Fig. 3, for the Dichloroethane – n-Propyl alcohol binary mixture the increase of the vapour 

velocity from 0.05 to 0.22 m/s led to a decrease of the relative interfacial area by about 35%.  

 

Fig. 4 presents the dependence of the relative volumetric interfacial area calculated by the proposed methodology on 

the separation efficiency (local efficiency) of rectification for the three model mixtures. In all three model mixtures 

studied, the greater separation efficiency corresponds to larger values of the relative interfacial area, which is logical 

and could be a precondition for a quantitative relationship between the interfacial area formed in the gas-liquid layer 

of sieve tray columns and the separation efficiency of rectification.   

 

 
Fig. 4:- Dependence of the relative interfacial area  on the local efficiency EOG for the three binary mixtures: Water 

– Acetic acid, Tetrachloromethane – Toluene and Dichloroethane – n-Propyl alcohol 
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Conclusions:- 
1. By means of the proposed methodology, the values of the volumetric interfacial area “α” for three binary 

mixtures, Water – Acetic acid, Tetrachloromethane – Toluene and Dichloroethane – n-Propyl alcohol, have 

been determined on the basis of experimental data obtained by rectification in a single-sieve tray laboratory 

column. As a result of the calculations, the relative error in determining the volumetric interfacial area is about 

14% for the Water – Acetic acid and Tetrachloromethane – Toluene mixtures and 10% for the Dichloroethane – 

n-Propyl alcohol mixture. 

2. It has been established that the relative volumetric interfacial area for the Water – Acetic acid binary mixture 

increases slightly with the increase of the vapour velocity in the column. For the investigated velocity interval 

from 0.042 to 0.16 m/s, the decrease was approximately 15%. 

3. For the Tetrachloromethane – Toluene binary mixture, the effect of the vapour velocity in the column on the 

value of the volumetric relative interfacial area is also significant, but decreases about twice. 

4. For the Dichloroethane – n-Propyl alcohol binary mixture, the increase of vapour velocity from 0.05 to 0.22 m/s 

results in a decrease of the relative interfacial area by about 1.5 times. 

5. In all three mixtures studied, the higher values of the relative volumetric interfacial area result in higher values 

of the local efficiency of the process (more significantly for the Tetrachloromethane – Toluene and 

Dichloroethane – n-Propyl alcohol mixtures). 

6. The resulting standard deviation  of the values of the volumetric interfacial area calculated by the proposed 

methodology (251 m
2
/m

3
 for Water – Acetic acid, 714 m

2
/m

3
 for Tetrachloromethane – Toluene and 676 m

2
/m

3
 

for Dichloroethane – n-Propyl alcohol) from the average values obtained for the three binary mixtures (643.35 

m
2
/m

3
for Water – Acetic acid, 1846.69 m

2
/m

3
 for Tetrachloromethane – Toluene and 2274.3 m

2
/m

3
 for 

Dichloroethane – n-Propyl alcohol) shows that the magnitude of the interfacial area is significantly affected 

both by the hydrodynamics of the process and the initial concentration of the separated mixture. 

 

Nomenclature 

a - specific interfacial area, [m
2
/m

3
] 

DG – molecular diffusion coefficient of the vapour phase, [m
2
/s]  

DL – molecular diffusion coefficient of the liquid phase, [m
2
/s]  

EOG – efficiency coefficient of the tray, local efficiency, % 

hп - height of an ellipsoidal bubble, [m] 

hL – height of the light liquid, [m] 

KOG.a - overall mass transfer coefficient, [kmol/m
3
.s] 

KOG - gas-side mass transfer coefficient, [m.s
-1

] 

M - molecular weight, [kg/kmol] 

P – absolute pressure, [Ра] 

wп – vapor velocity, [m/s] 

βG - vapour-phase mass transfer unit, [m/s] 

βL - liquid-phase mass transfer unit, [m/s] 

ρG - gas density, [kg/m
3
]  

ρL - liquid density, [kg/m
3
] 

μG - gas viscosity, [Pa.s] 

μL - liquid viscosity, [Pa.s] 
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