
Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

1

Transport Phenomena II 

Prof. Zayed Al-Hamamre

Lec 2: The Differential Equation For Mass 

Transfer

Content
Mass Transfer Equation

Chemical Engineering Department | University of Jordan | Amman 11942, Jordan

Tel. +962 6 535 5000 | 22888 

2

 A general equation for mass transfer of a component of a binary mixture of A+B can 
be derived by considering all the possible changes such as molecular diffusion, bulk 
flow and chemical reaction at unsteady-state:

A differential control 
volume, Δx Δy Δz

Differential Equation for Mass Transfer
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o The rate of accumulation of A in the control volume is

o The net rate of mass flux of constituent A will be

o If A is produced within the control volume by a chemical reaction at a rate rA, where rA 

has the units (mass of A produced)/(volume)(time), the rate of production of A is

xAN , xAN ,

yAN , yAN ,

zAN , zAN ,

AC

Differential Equation for Mass Transfer
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Dividing through by the volume Δx Δy Δz and taking the limit as Δx Δy Δz approach zero,

 A similar equation of continuity may be developed for a second constituent B in the 
same manner. The differential equations are

zAN ,

zAN ,

xAN , xAN , yAN , yAN ,

AC

xAN , yAN , zAN , AC

xN , yN , zN , BC

Differential Equation for Mass Transfer

The equation of continuity 
for component A

The equation of continuity 
for component B
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 For one-dimensional mass transfer of species A in stationary B through a differential 
control volume with no fluid motion and hence molecular diffusion in the z-direction

One-Dimensional Molecular Diffusion Equation 

Fick’s second law

 The assumption of no fluid motion 
restricts its applicability to diffusion 
in solids

 When the velocity of the mixture is zero and no chemical reaction takes place, 

 AA NJ *

1-D Fick’s 
second law
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 At steady state

Constant flux over z
dz
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Boundary conditions: 
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One-Dimensional Molecular Diffusion Equation 
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b) To find the concentration profile; cA(z)


1st integration a

dz

dcA 

a
dz

dcA 


2nd integration   dzadcA  bzacA 



Using BC’s

l

z
cccc AolAAoA )( 

0

One-Dimensional Molecular Diffusion Equation 
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One-Dimensional Molecular Diffusion Equation 
 For cylindrical geometry

 For cylindrical geometry in the r direction with no chemical reaction takes place

And with no fluid motion, i.e.  
dr

dc
DNJ A
ABAA *
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One-Dimensional Molecular Diffusion Equation 

 In spherical coordinates

 For radial symmetry in spherical coordinates with no chemical reaction takes place

And with no fluid motion, i.e.  
dr

dc
DNJ A
ABAA *

0r
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xAN , yAN , zAN , AC

Bulk Flow Flux 
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