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A model is proposed in the paper enabling the rate of absorption to be calculated using the two-
-film theory. The absorption is accompanied by chemical reaction of the gas reactant in the liquid 
under conditions when the liquid phase reactant is also present in the gas phase. A simple ap-
proximative method of the calculation is proposed of the fluxes of both reacting components 
across the interface. 

The usual assumption used in the formulation of mathematical models of mass 
transfer with chemical reaction in gas-liquid systems is that of a zero concentration 
gradient of the reacting component of the absorbent on the interface and hence 
unidirectional transport of mass across the interface from gas into liquid. In case 
when the absorbent contains a reactant of considerable vapour pressure under given 
conditions this assumption appears irrealistic since the reaction takes place in both 
phases and the mass transfer in both directions. An illustrative example of such types 
of reaction of practical importance is e.g. absorption of carbon dioxide in water 
solutions of ammonia. This problem in liquid-liquid systems has been examined 
recently by Rod1 whose general formulation forms a starting point for this work. 
At the same time an attempt is made to find closer approximate solution for the 
reaction rate. 

Consider a situation when a gas component A from phase G is transferred into 
phase L to react at finite rate with component B according to the scheme 

vB + A -> P . (A) 

Owing to its volatility the component B is present also in the gas phase and the reac-
tion here proceeds according to the scheme 

aB + A -» R . (B) 

The fluxes of the components A and B in phases L and G are defined by the familiar 
formulas 
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JA = $ I K C A L » 0 ) 

^B = ®2kGCBG • (2) 

The reactions in both phases are considered to be second-order and irreversible. 
From the viewpoint of the two-film theory of mass transfer with chemical reaction 
one can write: 
For the liquid phase: 

DAL d2cAL/dx2 = kRlcALcBL , (3) 

DBLd2cBJdx2 = vkRlcALcBL . (3) 

* = 0 > CAL = Cal , dcBJdx = Jb/Dbl ; (4) 

x = S1 , cAL = 0, cBL = cBL . 

For the gas phase: 

£>ag d2cAGldx2 = kR2cAGcBG , (5) 

Dbg d2cBGldx2 = akR2cAGcBG . (6) 

x = 0 , dcAG/dx = JAjDAG , cBG = cBG (7) 

x = S2 , cAG = cAG , CBG = 0 . 

Introducing dimensionless quantities as: 

= cAJCal , B 1 = DblCBJVDalC+l , Zi = xjdx ; (8) 

— CBg/CBG 5 = DagCagI<XDbgCbg , Z2 = xjd2 • 

Parameters: 

Mi = kRlc°BLS2lDAh = kRlc°BLDALlk2
L , (9) 

— kR2cAGdHDbg = kR2cAGDAGjkG ; 

Qi = DBhcBLlvDALcAL , Q2 = DagC°AGI(XDbgCBG ; 

Ki =JBIVJ\> R2=JAI<XJB, 
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Eqs (3) — (7) may be written in dimensionless forms as: 

d ^ / d Z ? = ( M j f i , ) AXBX , d2A2jdZl = (M2/Q2) A2B2 ; (JOa.ft) 

d2Bx\dZ\ = d2Ax\dZ\ , d2B2jdZ\ = d2A2\dZ\ , (11a,b) 

Z 1 = 0 , ^ = 1 , dBj/dZi = ; (J 2) 

Zi = 1 , i4t = 0 , BX=QX; 

Z2 =0, A2 = 1 , dB2JdZ2 = R2<P2 ; (73) 

Z2 = 1 , = 0 , B2 = Q2. 

For the reaction factors one has from Eqs (2) and (2): 

= • W ^ a l C A L ; = J B ^ I D b g 4 g . (N) 

From the above equations and the expressions for the fluxes: 

= ~DAL{dcALldx)x=0, JB = -D B G (dc B G /dx) x = 0 , (25) 

it follows 

= - { d A j d Z ^ o , <P2 = ~(dA2ldZ2)Z2=0 . (16) 

In view of the formal similarity of the expressions for both phases the solutions will be 
developed for the liquid phase only: 

On integrating Eq. (11a) and making use of the boundary conditions (12) and (13) 
one obtains for the dimensionless concentration of the component BL in the liquid 
film 

BX=AX+QX- <PX(RX + 1)(1 - Z ) . (17) 

Substituting in Eq. (10a) a non-linear differential equation is obtained necessitating 
a numerical solution: 

(d2AxldZ2
x) = (MxjQx) AX[AX +QX- <PX(RX + 1) (l - Z , ) ] . (18) 

A simple approximate solution is obtained by the following procedure: The profile 
of the component Ax in the film assumed in the form1 : 
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Ax = sinh r ( 1 - Zj)/sinh T ; (29) 

Substituting the last expression in Eq. (28) and after some arrangement on obtains 
for r the following: 

On differentiating Eq. (29) and combining with the definition of the reaction factor, 
Eq. (28), one obtains the well-known formula: 

<Pt = T/tanh r . (22) 

The reaction factor is computed from Eqs (20) and (22) in an iterative fashion. 
It is assumed that the solution satisfies Eq. (28) in an arbitrary point Zx from the 
interval 0 — 1 taken conveniently so as to simplify the form of Eq. (28). It may be 
shown that the choice of e.g. Zx = 0, as it is usual, i.e. 

Bx = 1 + Qx - <PX(RX + 1) (22 ) 

does not give, in principle, realistic estimates of the reaction factor (for Bx vanishing 
one gets <£> = 1). It turns out that an essential prerequisite is to take the point Zx 

from the region of the maximum of the slope of the concentration profile of Ax in the 
liquid film; a correct estimate of the course of the concentration of Ax is a crucial 
factor for a correct estimate of the whole concentration profile of the components. 
The choice of Zx approaching unity leads in the limit to incorrect solutions <P1 —>• 
which is incosistent with the exact solution, particularly not for high M. As a sui-
table point for matching we took 

Zx = 1/3*! . (23) 

Substituting Eq. (23) into (29) and (20) one can compute in a simple iterative manner 
the reaction factor from Eq. (22). 

To il lustrate the rout ine a numerical solution for the case1 Mx — 100, Qx = 10, Rx = 1 
e = 4-69 was compared with the approximate solution given by Eqs (19)—(21). The latter 

gave the value 0X = 4-62, i.e. with an error of 1-5%. Even for this relatively favourable combina-
tion of the parameters = Mx, Qx, Rx ( f rom the viewpoint of comparison of the two types of the 
solution) the error with the choice according to Eq. (22) is greater: 4-3%. In other cases the ap-
proximate solution with the aid of Eq. (23) does not deviate f r o m the numerical values by more 
than 5%. 
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The above equations were formulated so as to make both phases formally similar, 
i.e. partial pressures for the gas phase were replaced by mol/unit of volume concen-
tration units. As a consequence of the chemical reaction in both phases the equi-
librium concentrations on the interface, cAL and CgG, depend on the solution of the 
concentration profile by the above method in the points Z l s Z2 = 0. 
Then 

Cal = HARTcAG>i , cBG = cbJHbRT, (24) 

where the concentrations at the interface, cAGji and cBLi, follow from the equation 

1 +Qz~ H R 2 + 1) = DAGcAGAlDBG[cBL>ilHBRT], (25) 

1 + <2X - + 1) = DBhcBWjDAhHARTcAGii . (26) 

The following equations complete the set of equations necessary for an estimate 
of absorption rates 

Ja = <P,kl(HaRT) cAG)i (27) 

Jb = ^zkG(cBUilHBRT), (28) 

= <P1(M1,Q1,R1), (29) 

= $2(M2, q2, R2) , (30) 

Mx = kKlcBLDALjkI, (31) 

m2 = ^R2cag^BG/^G > (32) 

Qi = DKCSJVDJO.HJ.RTcw , (33) 

Qi = DMAckDBacBL i!HBRT), (34) 

Rx = JB/V/A. (35) 

Ri = •'A/^B . (36) 

for the unknowns CA G i i , CBL>i, Qlt Q2, Mu M2, Rl5 R2, <Pl} <P2, JA, JB-
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LIST OF SYMBOLS 

dimensionless concentration of A in liquid, Eq. (10) 
dimensionless concentration of B in gas, Eq. (10) 
dimensionless concentration of B in liquid, Eq. (10) 

B2 dimensionless concentration of A in gas 
CAG concentration of A in the bulk of gas (mol/m3) 
RO 
C BL concentration of B in the bulk of liquid (mol/m3) 
C AG concentration of A in gas film (mol/m3) 
CBG concentration of B in gas film (mol/m3) 
C AL concentration of A in liquid (mol/m3) CA1L equilibrium concentration of A in liquid at the interface (mol/m3) 
C BG equilibrium concentration of B in gas at the interface (mol/m3) 
c A G . i concentration of A in gas at the interface, Eq. (25) (mol/m3) 
c BL. i concentration of B in liquid at the interface, Eq. (26) (mol/m3) 
^ A L diffusion coefficient of A in liquid (m2/s) 
^ B L diffusion coefficient of B in liquid (m2/s) 
^ A G diffusion coefficient of A in gas (m2/s) 
^ B G diffusion coefficient of B in gas (M2 /s) 
" A Henry constant for A (mol/m3 at) 

Henry constant for B (mol/m3) at 
•^A mole flux of A (mol/m2 s) 

mole flux of B (mol/m2 s) 
liquid-side mass transfer coefficient (m/s) 
gas-side mass transfer coefficient (m/s) 
reaction rate constant in liquid (m3/mol s) 
reaction rate constant in gas (m3/mol s) 

M„M2 parameters, Eq. (9) 
Qy,Q2 parameters, Eq. (9) 
RU R2 parameters, Eq. (9) 
R gas constant (at m3/mol K) 
T absolute temperature 
X distance from interface 

dimensionless distance on liquid side 
dimensionless distance on gas side 
liquid side reaction factor 

<Pa gas side reaction factor 
V stoichiometric coefficient 
a stoichiometric coefficient 
^ thickness of liquid film (m) 
d2 thickness of gas film (m) 
r parameter, Eq. (20) 

R E F E R E N C E S 

V. Rod: This Journal 38, 3228 (1973). 

Translated by V. Stan£k. 
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