Two-Film Theory (Whitman)

* Two resistances in series (two stagnant films
in which molecular diffusion takes place)

* Interfacial concentrations at equilibrium

(assume no interfacial resistance to mass
transfer)
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Mol fraction

Two-film theory

interface

Gas film l Liquid film

— Gas film driving force

x; and y; at equilibrium

Liquid film
driving force
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Two-film theory

Numerical solution

—_

Flux in gas film: NA — kG p(yb — yl)
Flux in liquid film: N, =K, p,, (xi _ Xb)

Equilibrium line: Y; = feq (Xi)

ke

Where kG

3 equations
3 unknowns (N,, X, )
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Two-film theory

Graphical solution

X, X
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Mol fraction

Two-film theory

Global driving forces

Gas film  Liquid film

Yo _ _
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Two-film theory

Global driving forces, linear equilibrium relationship (y=mx)
y*=mx, ; Yy, =mx*
Flux in overall gas film:
N =Kog p(Yb — y*): Ko p(Yb —m Xb)
Flux in overall liquid film:

— — Y
N, =KoL oum (X*_Xb): KoLPwm (Fb_ ij

Overall mass transfer coefficients:

—_

1 _1_mp
KOG ke kL/_)M Valid only if linear
— — equilibrium
1 — 1 + IOM relationship!
KOL kL kG m p
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Two-film theory

OC)::G_MXQ_@_MXj

f In 1-t, %,
1-t, X
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Two-film theory

kp

.

ke = ,
(Y, )a

T (X )

|n[1_tA ybj
1_tA Yi

(Y ) :(1_tA yb)_(l_tA Yi )

In(l_t’* ij
1-t, .

(Xf ) — (1_tA Xb)_(l_tA Xi)
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Two-film theory
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High (k, p) / (ks P) =» gas film controls

Yb

A\/ H. Randall / ADSP 52



Low m (high solubility) =» gas film
controls

— x*=»farl
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Concentration profiles for gas film

control
Stripping or evaporation
Absorption -Stripping with high (k, py) / (Kg P)
-High (k. py) / (kg P) -Stripping of high solubility gas
-High solubility gas (low m) -Evaporation of pure liquid
|
X : Xp
Driving I
— force
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Low (k, p) / (kg P) = liqg. film controls
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High m (low solubility) =» liquid film
controls

1 1 N Pu 1
Koo k. kemP Kk,
— K, =K,

L "
Xp, XX
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Concentration profiles for liquid film

control
Stripping Absorption
-Low (ki pp) / (kg P) -Low (k. py) / (Kg P)
-Low solubility gas -Pure or low solubility gas
B Yo a Y
Yo
Driving .
force | — ] X=X
Driving force —

(

X
o

T
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Measurement of k, and k_

* To measure k,
— Absorb or desorb (strip) gas with low solubility
— Absorb pure gas

* To measure k_
— Absorb or desorb (strip) gas with high solubility
— Evaporate pure solvent
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Henry’s law
(used to calculate interfacial concentrations)

Different possible forms of the equation

Pp=HaX,
C

pA:—A
H 4

yA:HAXA
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