
Chapter 17. Diffusivity and the mechanisms of
mass transport

• Fick’s law of binary diffusion (molecular mass transport)

• Temperature and pressure dependence of diffusivities

• Theory of diffusion in gases at low density, in binary liquids, in 

colloids suspensions, and polymers

• Mass and molar transport by convection

• Summary of mass and molar fluxes

• The Maxwell-Stefan equations for multicomponent diffusion in 

gases at low density



Behaviour of polymeric liquids

• At steady state

• Fick’s law of 

binary diffusion
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Fick’s law of binary diffusion

• Mass average velocity for a binary mixture

• Mass flux



Dimensionless numbers



17.2 Temperature and pressure dependence of
Diffusivities

• For gas mixtures at low pressure (kinetic theory)

• Diffusivities
• are inversely proportional to the pressure
• increases with increasing temperature
• almost independent of composition



17.3 Theory of diffusion in gases at low
density

• Self diffusivity

• For binary mixtures

• Chapman-Enskog kinetic theory

collision integral



17.7 Mass and molar transport by convection

• Mass and molar concentrations
• Mass average and molar average velocities
• Molecular mass and molar fluxes
• Convective mass and molar fluxes



Mass and molar concentrations



Mass and molar concentrations
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Mass average and molar averages velocity

• Mass average velocity

• Molar average velocity



17.8 Summary of mass and molar fluxes

• Equivalent forms of Fick’s law of binary diffusion
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Molecular mass and molar fluxes
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Maxwell-Stefan equations for multicomponent
diffusion in gases at low pressure

• Maxwell-Stefan equations

• Other cases in multicomponent diffusion

• Reverse diffusion, a species move against its own gradient

• Osmotic diffusion, a species diffuses though its concentration 

gradient is zero

• Diffusion barrier, a species does not diffuse through its 

concentration gradient is nonzero


