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Example 1:

Oxygen (O,) (A) is diffusing through non-diffusing gas mixture of methane
(CH,4)(B) andhydrogen (H,) (C) in the volume ratio of 2:1.The total pressure
is1*10° N/m? and thetemperature is 0 °C.The partial pressure of oxygen

at two planes (2 mm) is 13 kN/m2and 6.5 kN/mz. The diffusivity of
Oxygen in Hydrogen ( Do./H,) = 6.99*10™ m#/sand the diffusivity of
Oxygen in Methane ( Do/CH,) = 1.88*10°m/s.

Calculate the rate of diffusion of oxygen in kmol/m?2s through each
square meter of the two planes.

Solution:
_ ,—D~ ,Pr\ ,Paz-Pa:
Na = (R.T) (Pim) ( Z2-71 )
1
D_ - VB Yc
Dw T 0.

yu=- =0.667 yc=3 =0.333

D =2.46*10" m¢/s

 _ (Pr=Pa) = (Pr-Pa)_ (1¥105-6500) — (1105 13000) _ 41 14 ,
Pim = 1 Pr=Pa2) - (1#105- 6500) =9710" N/m
(Pr-Pn) (1#105- 13000

Sub. For Z,-Z;=2*10"m

N = 3.91*10™ kmol/mz.sec.



Molecular Diffusion in Liquid Phase

Molecular diffusion in liquid phase takes place in many separation operations,

such as:

1- Liquid — liquid extraction.

2- Gas absorption.

3- Distillation.

4- Oxygenation of rivers by air.

5- Diffusion of salts in blood.

Some important notes in liquid diffusion, these are:

1- Slower than in gas phase because of the density and attractive forces between
molecules.

2- Diffusivities are dependent on the concentration of the diffusing component.

General form for diffusing equation is :

dCa

NA: - DL(E

Ca
)+ SN+ Ni)

1-forequimolar diffusion (EMD), where Na = - NB, then:

N,=- DL(CAz— CAl)’ Or

ARVAL

NA= - D. C, &um)

av (Zz _ Zl)

Where:-
D, : diffusivity of solute (A) in (B) (m?/s).

X,: mole fraction of (A) at any point.

Co=i 222 ]

2 Mwt:i Mwt;

Where:-
Cav: average concentration of (A+B) in (kmol/ m’).

Mwti & Mwtz2: average molecular weight of the solution at points 1 & 2
respectively(kg/kmol).

p 1& p ,: average density of the solution at points 1 & 2 in (kg/m’).



2- WhemN,= 0 (stationary).

Cav « (Xna2-Xm
NA=-Dp. (=2 ¢ )

Xen?  (Z2-2Z1)

(Xe2 ~ Xb1)
Where Xgim :BZ—XBfl

In—
Xp1

An important note, that is X,; + Xpg; =X, + Xp, = 1 and for dilute solution:

XgLmM~1.0 , then:

CZ - ;‘1“ )( Dilute solution only)

Na=-Dq(

Diffusivities in Liquids:

Diffusion coefficient in liquids at 293 K is given in table (10.7) in volume (1) of
chemical engineering by( Coulson, J.M.; Richardson, J.F.,) fifth edition (page 506).

1- Wilke& Chang equation:

7.4x108 (. Mwtp)0>. T

Up .va06

DAB_

Where:

Das = diffusivity of solute (A) in very dilute solution in solvent (B), (cm¥s).
Mwts= molecular weight of solvent (B).

T = temperature (K).

W= viscosity of solvent (B), (Cp or gm/ cm.s).

va= Solute molar volume at its normal boiling point (cm?’/mol).

Diffusion of (A)Through Multi-Component Stagnant Layer Mixture.

Caz - Ca1 —Cav Xaz2—Xa1

N.=D ( Ef;)( 75~ 71 ), O, Na= D ( Xrm ) )

Z-7,

- 1
Where:D™ = +- X . %o

D_AB Dac Dap

Xrm(same as P;,,)= remaining mole fraction log mean. ( all component except (A)).



Example:

Calculate the rate of diffusion of CH;COOH (A) across a film of non-diffusing water (B)
solution (1 mm) thick at 17°C when the concentration on opposite sides of the film are 9
and 3 wt% respectively. The Dag = 0.95%10” m?/s.

Give that:-

MA = 60, MB = 18.

o =1012kg/m’ (9% solution).

o =1003 kg/m’ (3% solution).

Solution:

NA: _ DL- ( Cav ) (Xaz-Xa1)

Xen” (Z2-2Z1)

009

Xa1 = 757205 = 0.0288  at position (2).

60 18

0.03

Xar = 7572597 = 0.0092 at position (1).

60 18

LZO_O n ﬂ—nvh =19.8 kg/kmol

1

1 0.03 0.97

n=— + ——>M2 = 18.4 kg/kmol
1 p1 D2 1012 1003
—t + = —+—-
CaV 2 [ Mwt1 Mwt; ] [ 19.8 18.4 ]

C,.= 52.8 kmol/m’,
XBI =1 - XAI_) =1-0.0288 — XBI =0.9712

XBZ =1 - XAQ_) =1-0.009 — XBI =0.9908

(XB2 - Xp1) (0.9908 - 0.971)
XBLM = W —= : 0.9908 s Xam = 0.98
R N7t

52.8 , 0.0092-0.0283
0.98 0.001

N, =-0.95%107 *

N, = 0.977*10 kmol/m?.sec























































































Rate equation Units of coefficient
(EMD) Non-diffusing (B)
NA:K-G.APA NA:Kg.APA
Moles transferred
(time) (area)(press.)
NA = K_y AyA NA = Ky AyA
For Gas Moles transferred
. mole
(tlme) (area) (fraction )
NA:K_C.ACA NA:Kc.ACA
Moles transferred
. mole
(time) (area) ( o )
conversions | Fo po oo P P oo e skl XD kG
G- PBMm Y, CR T G- P y R T c-Gr
NA:K-L.ACA NA—KL.ACA
Moles transferred
. mole
(time) (area) (W)
For _
LIQUId NA:K)(.AXA NA:Kx.AXA
Moles transferred
. 1
(time) (area) (f:::t;n )
ConVerSionS F: KX-XBM = KL' XBM -CT = K-L' CT = K-Lpﬁ = K-x

Relations among mass — transfer — coefficients.

Conversions
(Ng=0) (Na=-Ng)
= R — RT
Ke=Kg. R. T Kc=K),. -
KyzKG.PT K(;:K_G.R.T
KX = KL. (I\f[)_w'[‘ )avg_ K_X = K-L' Can..
= K-L-( I\f;_WT )avg.
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