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Abstract—The absorption process in the petrochemical 

industry is used to separate, purify and dehydration of 
hydrocarbon gases. Absorption is the process of absorbing 
substances from a gas compound with fluids. The absorption 
process is accompanied by rather significant thermal effects. In 
this paper, modeling and approbation of the kinetic method for 
calculating multicomponent gas absorption taking into account 
the thermal effects of the absorption process, based on the 
nonlocal version of thermodynamics, are considered. The 
proposed model provides the complete and consistent accounting 
for the thermal effects of gas absorption, and this will allow 
further study of their effect on the accuracy of determining the 
concentrations of components in the gas and fluid phases with a 
change in the consumption parameters of the contacting phases. 
Comparison of the results of calculations based on the proposed 
model with experimental data for different absorption cases 
shows its good operability and the possibility of practical 
application. 

Keywords—gas absorption; thermal effects; absorbent; heat 
and mass transfer 

I.  INTRODUCTION 

The absorption process in the petrochemical industry is 
used to separate, purify and dehydrate hydrocarbon gases. 
Ethane, propane, butane and gasoline components are 
extracted from natural and associated hydrocarbon gases. With 
the help of absorption, pyrolysis gases and catalytic cracking 
gases are also separated and sanitary purification of gases 
from harmful impurities. [1] 

A significant increase in the scale of production with 
increased attention to environmental issues and the quality of 
finished products requires further development of 
scientifically sound and reliable methods for calculating 
absorption equipment. At present, the widespread use of 
computer technology and modern software packages makes it 
possible to use the developed methods for calculating the 

processes and apparatuses of chemical technology in the 
automated design systems for apparatus of chemical 
engineering. 

The article focuses on the method for calculating the gas 
absorption, taking into account the thermal effects 
accompanying this process. Thermal effects are manifested 
not only in the release of heat during the dissolution of the gas, 
but also in significant heat transfer between phases and in the 
transfer of latent heat of vaporescence or condensation of the 
solvent. The main influence of heat release on the absorption 
process is to reduce the equilibrium concentration of absorbed 
gas components on the surface of the absorbent, which 
reduces the driving force of the mass transfer process. 

II. THE PROBLEM’S STATEMENT 

A number of authors [1-12] carried out studies devoted to 
the identification of the contribution of thermal effects of gas 
absorption, the need to take into account these effects when 
creating of a mathematical model of the process. Experimental 
studies conducted in stationary and non-stationary conditions 
confirm the necessity of taking into account thermal effects in 
gas absorption.  

The question arises: on what theoretical basis can we get 
the most complete description of the joint heat and mass 
transfer during gas absorption? 

At present, it is possible to take into account the influence 
of thermal effects on mass transfer during absorption in the 
framework of the kinetic method of describing the process. 

But one of the main reasons limiting the use of kinetic 
methods for calculating processes and apparatus of chemical 
technology is the lack of reliable methods for determining the 
mass output coefficients and mass transfer coefficients for 
multicomponents systems. In addition, within the existing 
methods of nonisothermal absorption, it is not always possible 
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to fully take into account the effect of thermal effects on mass 
transfer. 

The models obtained on the basis of stationary and 
nonstationary equations of convective diffusion and thermal 
conductivity [6-10] do not take into account the heat transfer 
between the contacting phases and the additional fluxes of 
mass arising due to the temperature difference (thermal 
diffusion constituent). 

The most complete description of heat and mass transfer 
processes can be obtained if the mass transfer equation is 
derived from the Stefan-Maxwell equations written for 
nonisothermal conditions, and the heat transfer process is 
described by the heat balance equation for the boundary 
volume with allowance for thermal effects [10]. 

Of particular importance is the development of methods of 
calculating for mass-exchange equipment, which require less 
quantity of priori information and does not rely on any model-
mechanism representation. 

III.  METHODOLOGY 

Such possibilities for describing the kinetics of heat and 
mass transfer processes for nonisothermal absorption are 
discovered within the framework of the nonlocal version of 
thermodynamics developed by V.P. Maikov [2]. The basis for 
the non-local version of thermodynamics is the principle of 
discretization of thermodynamic parameters. This principle 
allows us to introduce the time parameter in describing 
thermodynamic equilibrium and treat this state as dynamic and 
moving. In this case, a transition to the description of 
nonequilibrium heat and mass transfer processes is simplified 
significantly. 

In order to describe the joint heat and mass transfer during 
gas absorption based on the nonlocal version of 
thermodynamics, it is necessary to obtain a mass transfer 
equation for nonisothermal conditions and an equation for the 
thermal balance at the phase boundary in which the thermal 
effects of gas absorption will be taken into account. 

Consider the derivation of the mass transfer equation for 
non-isothermal conditions. The initial expression for this 
derivation is the equation of flux density for the i-th 
component under equilibrium conditions: 

 iSi ycJ ⋅⋅= ρ*  (1)  α  + β  = χ. (1) (1) 

where cS is the speed of sound in a given medium, m / s; ρ 
is mole density of the compound, kmol / m3; yi is the mole 
fraction of the component. 

Let us now describe the process of transferring mass and 
heat from one phase to another. When joint heat and mass 
transfer through the same surface, it is customary to assume 
that the temperature and concentration differences mainly 
occur in a thin layer adjacent to the interphase boundary [12]. 
To describe the nonequilibrium processes occurring in the 
boundary laminar layer, as a rule, one can apply the linear 
approximation. Then we write the resultant nonequilibrium 

density of the mass flux in the linear approximation for 
nonisothermal conditions in the form: 
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Let us estimate the magnitude of elementary difference of 
concentrations ∆yi and elementary temperature gradient ∆T, 
which occurs at a length equal to the characteristic interaction 
radius ∆l (Fig. 1).  

If in the entire laminar layer thickness δy is observed 
concentration difference (yi – yi*) and temperature difference 
(Ty – T*), where yi* and T* are the equilibrium values of 
concentrations and temperatures at the boundary of phases, 
then: 
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Fig. 1. Conditions on the interphase boundary 

Substituting the expressions for the equilibrium mole flow 
(1) into (2) and using (3) and (4), we obtain the equation for 
the nonequilibrium mole flow in nonisothermal conditions: 
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We represent the mole flux in the form of a product of the 
flux density and a certain transfer velocity, which we will call 
the rate of transfer of the substance: 
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 ( ) ))(( ** TTyyсJ yTyiiiMyiСyyi −+−= ϕϕ , (6) 

where: 
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Equations (8) and (9) take into account the dependence of 
the sound velocity in the medium and the density of the 
medium (gas or fluid) on the composition and temperature, 
which corresponds to the physics of the process. 

It is convenient to introduce a transfer coefficient yv , a 

dimensionless characteristic of the mass transfer process, 
instead of the rate of transfer of the substance cCy. It is defined 
by formula: 

 SyCyy ccv /= . (10) 

As a result, we write down the formula for the 
nonequilibrium mole flow from the side of the gas phase as 
follows 

 ( ) ))(( ** TTyyсvJ yTyiiiyiSyyyi −+−= ϕϕ  (11) 

Reasoning in a similar way, one can obtain an expression 
for the mass flux from the interface of phases to the core of the 
fluid phase. 

It is necessary to draw up an equation for the heat balance 
for a complete description of the processes of heat and mass 
transfer. 

It is important to take into account all types of thermal 
effects of gas absorption. 

On the basis of the literature review, we distinguish the 
following types of thermal effects:  

1. increase in the temperature of the fluid due to the heat of 
absorption;  

2. lowering the temperature of the fluid due to evaporation 
of the solvent;  

3. heat transfer between the contacting phases;  

4. heat transfer between the material flows and the walls of 
the apparatus (thermal losses). 

In the subsequent discussion we shall consider the case of 
adiabatic absorption (we neglect thermal losses).  

We obtain an equation for calculating the heat transfer 
between phases on the basis of a nonlocal version of 
thermodynamics. 

Для равновесного теплового потока в рамках этой 
теории можно получить следующее выражение 

 MST сJ ρ3* = , (12) 

where ρM is the mass density of the compound, kg / m3. 

In order to obtain a nonequilibrium heat flux, we again use 
the linear approximation, we write: 
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The value ∆T is an elementary temperature gradient, 
which is determined by equation (4). After differentiation the 
equilibrium heat flux (12) and substituting equation (4) into 
(13), we obtain: 
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We represent the heat flux in the form of a product of the 
rate of transfer of a substance and the density of the heat flux: 
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The rate of transfer of a substance cCy is determined by the 
expression (7). 

We write the expression for the nonequilibrium heat flow 
from the side of gas phase: 

 )( *TTJ yyTy −= α  (16) 

where: 

 TySyyy cv ηα =  (17) 
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where αy is the heat transfer coefficient in the gas phase, 
W/ m2; the dimensionless transfer coefficient yv  is calculated 

in (10). 

By analogous reasoning, one can obtain an equation for the 
nonequilibrium heat flux in the fluid phase. 

Let us consider the thermal effects of gas absorption. It is 
usually assumed that when dissolving a gas, heat is released at 
the phase boundary (similarly, when the solvent is evaporated, 
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the phase boundary is cooled). We accept this hypothesis as a 
working one. 

Then the heat balance equation for the selected volume at 
the phase boundary will be written in the form: 

 021 =−−+ TxTy JJJJ , (19) 

where JTy is the heat flux from the core of the gas phase to 
the interface of phase, W/ m2; JTx is heat flow from the 
interface of phase to the core of the fluid phase, W/ m2; J1 is 
absorption heat, W/ m2; J2 is heat of evaporation of the 
solvent, W/ m2. 

The heat of absorption and the heat of evaporation of the 
solvent are determined as follows 

 ∑
=

=
m

i
ii JqJ

1
1  (20) 

 MprJJ =2  (21) 

where qi is the specific heat of absorption of the i-th 
component, J/ kmol; r is the specific heat of solvent 
evaporation, J/ kmol; Ji is the specific mol flux of the i-th 
component, kmol/ (m2s); JMp is the specific mol flux of 
solvent, kmol/ (m2s). 

The phase equilibrium condition has the form: 

 **
iii xky = , (22) 

where, ki is the phase equilibrium constant for the i-th 
component. 

The equation of mass transfer in the gas phase (11), the 
analogous expression for the nonequilibrium mole flow in the 
liquid phase, the phase equilibrium condition (22) and the heat 
irradiation equation for the gas phase (16) and fluid phase 
form the initial system of equations for describing heat and 
mass transfer processes for nonisothermal absorption. 

Solving this system with respect to the unknowns yi*, xi*, 
T*, Ji, JT, we get:  

1. The mass-transfer equation for nonisothermal 
conditions: 

 ( )iiiiFii NxkykJ +−=  (23) 

where: 
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 MxiSxxxi сv ϕβ = , (26) 

 )(/)(/ **
xMxiTxiiyMyiTyii TTkTTN −+−= ϕϕϕϕ , (27) 

kFi is mass transfer coefficient of i-th component, 
kmol/ (m2s); βyi, βxi is mass delivery coefficients, kmol/ (m2s). 

2. The heat transfer equation: 
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The heat flux in the liquid phase is determined from the 
balance ratio (19). 

The equation for calculating the equilibrium temperature at 
the interface of phase: 

 
xy

xxyy TJJT
T
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+
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= 21* .  

The quantities φMyi (φMxi) in (25) - (27) and Tyη ( Tyη ) in 

(17), (18) are calculated theoretically in (8). They depend on 
the physical properties of the compound: the speed of sound, 
density, molecular weight. 

The dimensionless transfer coefficient of a substance 
characterizes the hydrodynamic conditions yv  ( xv ) in which 

heat and mass transfer processes occur. In general, the transfer 
coefficient is less than unity. 

In the limit, it can be equal to unity, and then cCy = cSy, 
δy = ∆l, that is, the process of mass and heat transfer will occur 
with the maximum possible speed equal to the speed of sound 
in a given medium, and the thickness of the boundary laminar 
layer δy will be equal to the characteristic linear dimension ∆l. 

To verify the adequacy of the proposed model, an 
algorithm was compiled and the countercurrent absorber was 
calculated. 

IV.  THE RESULTS OF STUDIES 

The calculation was made for various options of absorber: 
falling-film absorber, packed absorber and plate absorber in 
the verification version of the calculation. 

The model is insensitive to the design of the apparatus, 
since the hydrodynamic situation at the interface of phases 
corresponds to the transport coefficient yv  ( xv ) in (10), 

which is selected during the calculation. 

For falling-film absorber, the transport coefficient in the 
fluid phase xv  was determined on the basis of the assumption 

that the concentration change occurs )( *
ii xx −  over the entire 

thickness of the fluid film (the thickness of the boundary 
laminar layer in the fluid phase is equal to the thickness of the 
film of fluid). The transport coefficient in the gas phase yv  
was selected during the calculation to the best agreement 
between the experimental and calculated data. 
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Table 1 shows the values of the transport coefficient in the 
gas phase yv  and the corresponding thicknesses of the 

diffusion layer δy in the gas, depending on the gas velocity W 
in the pillar for two different irrigation density q. 

TABLE I.  THE VALUES OF THE TRANSFER COEFFICIENT AND THE 
THICKNESS OF THE DIFFUSION LAYER IN THE GAS PHASE OF A FALLING-FILM 

ABSORBER 

Indices 
Gas velocity W, m/ s 

1.3 3.0 5.3 

q = 22.3·10-6 , m3/ (m·s) 

yv  3.3·10-5 5.3·10-5 8.0·10-5 

δy 1.3·10-7 0.8·10-7 0.5·10-7 

q = 70.0·10-6 , m3/ (m·s) 

yv  3.3·10-5 7.4·10-5 11.8·10-5 

δy 1.3·10-7 0.6·10-7 0.4·10-7 

Analysis of the tabular data shows that with increasing gas 
velocity in the pillar, the thickness of the diffusion layer in the 
gas phase decreases, and the transport coefficient increases. 
This is in good agreement with the physical meaning that is 
embedded in the transport coefficientyv . 

Calculation of a backflow plate absorber for the separation 
of a multicomponent hydrocarbon compound was also 
performed. As an absorbent, a kerosene fraction with a 
molecular weight of M = 210 kg/ kmol and density of 
ρx =820 kg/ m3 was used. The amount of gas supplied to the 
absorption is Gn+1 = 0.514 kmol/ s, the amount of lean 
absorbent is L0 = 0.182 kmol/ s, the average temperature of the 
fluid is Tx = 307 K. The transport coefficients for the gas 

phase is 6102 −⋅=yv  and transport coefficients for the fluid 

phase is 8103.8 −⋅=xv , the working height of the apparatus is 
H = 3.3 m, the average gas temperature is Ty = 308 K, the 
specific contact area of the phases per unit volume is 
σ = 200 m2/ m3. 

The experimental and calculated values of the component 
concentrations in the inlet and outlet streams of the plate 
absorber are shown in Table 2. Experimental data are taken 
from [13].  

TABLE II.  EXPERIMENTAL AND CALCULATED VALUES OF 
CONCENTRATIONS (MULTICOMPONENT HYDROCARBON MIXTURE) 

component of 
absorption 

Component of mixture 

N2 C1 C2 C3 i-C4 n-C4 C5 

A
bs

or
b.

 

crude gas 
(experiment) 

0.110 0.364 0.211 0.215 0.036 0.037 0.016 0.000 

skinny 
absorbent 
(experiment) 

0.000 0.000 0.000 0.015 0.010 0.042 0.022 0.911 

dry gas 
 (experiment) 

0.151 0.477 0.240 0.112 0.006 0.010 0.004 - 

dry gas 
 (design value) 

0.132 0.422 0.218 0.171 0.021 0.030 0.007 - 

Saturated 
absorbent 

0.000 0.007 0.053 0.192 0.041 0.113 0.039 0.555 

component of 
absorption 

Component of mixture 

N2 C1 C2 C3 i-C4 n-C4 C5 

A
bs

or
b.

 

(experiment) 

Saturated 
absorbent 
(design value) 

0.002 0.030 0.059 0.151 0.042 0.071 0.035 0.610 

Comparison of the experimental and calculated values of 
the outlet concentrations in a dry gas and a saturated absorbent 
shows good agreement between them. 

V. CONCLUSIONS 

Summing up, it can be concluded that the proposed kinetic 
method for calculating multicomponent nonisothermal gas 
absorption, developed within the framework of the non-local 
version of thermodynamics, allows us to disclose the physical 
meaning of coefficients: mass transfer coefficient, mass 
delivery coefficient, heat irradiation coefficient and heat 
transfer coefficient. It allows us to denote the hydrodynamic 
component of these coefficients. 

In addition, the proposed model provides the complete and 
consistent accounting for the thermal effects of gas absorption, 
and this will allow further study of their effect on the accuracy 
of determining the concentrations of components in the gas 
and fluid phases with a change in the consumption parameters 
of the contacting phases. 

Comparison of the results of calculations based on the 
proposed model with experimental data for different 
absorption cases shows its good operability and the possibility 
of practical application. 
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