
Examples, definitions and diffusion 
Laws

Objectives

• Define mass transfer and its relation to 
transport phenomena.

• Diffusion of molecules.

• Types of diffusion.

• Examples and applications of mass transfer.

• Fick’s law in mass transfer.

• Diffusion coefficient.



Transport Phenomena
Definition

Transport phenomena include three types of transfer:
(1) Momentum transfer

Fluid mechanics like fluid flow, mixing, sedimentation.
The interest is in the transfer of momentum.

(2) Heat Transfer
Conduction of heat, convection, evaporation, distillation, 

drying.
The interest is in the transfer of energy.

(3) Mass Transfer
Membrane processes, crystallization, evaporation, 

distillation, drying.
The interest is in the transfer of molecules or material.





Application of Mass transfer



Application of Mass transfer









Based on Observations

Mass transfer by ordinary molecular diffusion
occurs because of a difference in concentration or
gradient; that is, a species diffuses in the
direction of decreasing concentration.

The mass-transfer rate is proportional to the area
normal to the direction of mass transfer and not
to the volume of the mixture. Thus, the rate can
be expressed as a flux.

Net mass transfer stops when concentrations are
uniform.



Driving forces for Diffusion
• Possible driving forces (gradients) for Diffusion

1. Ordinary diffusion: concentration gradient

2. Thermal diffusion: temperature gradient

3. Pressure diffusion: pressure gradient

4. Forced diffusion: unequal external forces on components

Q1. Give example(s) for mass transfer based on each of the above driving forces

Fick’s 1st Law of Diffusion
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Note 1
Mass transfer occurs by two basic mechanisms:

(1) molecular diffusion by random and spontaneous 
microscopic movement of individual molecules in a gas, 
liquid, or solid as a result of thermal motion; and 

(2) eddy (turbulent) diffusion by random, macroscopic fluid 
motion.

Both molecular and/or eddy diffusion frequently 
involve the movement of different species in 
opposing directions. 
When a net flow occurs in one of these directions, the 
total rate of mass transfer of individual species is 
increased or decreased by this bulk flow or 
convection effect, which may be considered a third 
mechanism of mass transfer.

Molecular diffusion is extremely slow, whereas eddy 
diffusion is orders of magnitude more rapid.

Note 2
Molecular diffusion occurs in solids and in 
fluids that are stagnant or in laminar or 
turbulent motion. 

Eddy diffusion occurs in fluids in turbulent 
motion. 

When both molecular diffusion and eddy 
diffusion occur, they take place in parallel and 
are additive.

Both of them take place because of the same 
concentration difference (gradient).



Note 3 _ eddy diffusivity term ‘’
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Note _ 4
Flux Fick’s law

Question : Explain the above equation



Molar Flux 

Mass Flux 

Question : verify the above two equations.


