
Diffusion in liquids and in 
solids



Diffusion coefficient, DAB
Introduction: 

• Fick’s law proportionality, DAB , is known as mass 
diffusivity (simply as diffusivity) or as the diffusion 
coefficient.

• Diffusivity depends on pressure, temperature, and 
composition of the system.

• Units: Diffusivity is normally reported in cm2/s; 
the SI unit being m2/s.

• Similar to Kinematic viscosity and thermal 
diffusivity



Diffusion coefficients for liquids

There are different approaches:

See next 
slide







Molar volume





Example



Summary

Focus on diffusion 
through solid



Diffusion in Solids
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Diffusion in Solids



Ways of diffusion

1. Diffusion following Fick’s law: does not 
depend on the structure of the solid.

2. Diffusion in porous solids (Knudsen 
diffusion): where the structure and void 
channels are important.



Diffusion in solids following Fick’s Law

• Start with the general equation:

• Therefore, the following equation will be used 
to describe the process:

……………………… (1)



• Similar to heat transfer by conduction. 

• Ignore the bulk flow ( xA small, nB = 0)

• Hence Fick’s law (as Fourier’s Law)

In General, Diffusion in solids 



steady-state diffusion through a solid 
slab

(Eq. 1)



Notes
• For diffusion in solids DAB  DBA              

• Diffusion coefficient DAB in solid is independent of pressure of the 
gas or liquid on the outside of the solid

• Solubility  is always used to calculate concentration at interface. For 
example; solubility of gases in solids. Here the solubility of gas is 
dependent on pressure outside the solid. In general it is directly 
proportional to the partial pressure of the gas. Correlation is similar 
to Henry’s Law.

• Where S is the solubility constant {m3 gas (STP)/m3 solid. Atm}

• Some experimental data for solubility, S are given in tables (see the 
next slid and the text). 





Permeability equations for diffusion in solids



Diffusion through multi-solid layers

• Assume 3 solid layers as
shown in the figure. The
mass diffusion flux is

• Where PA1 – PA2 is the overall
partial pressure difference.

PM1 PM3PM2

L1 L2 L3

PA1

PA1


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Example: Diffusion of Urea in Agar

A tube or bridge of a gel solution of 1.05 wt %
agar in water at 278 K is 0.04 m long and
connects two agitated solutions of urea in
water. The urea concentration in the first
solution is 0.2 g mol urea per liter solution and
is 0 in the other. Calculate the flux of urea in
kg mol/s.m2 at steady state.



Schematic 

4 cm

Tube bridge

Semisolid Urea Solution
CA1 = 0.2 g mol/l

Urea Solution
CA2 = 0.0 





Solution

Data:



See previous 
table at given 

condition



Diffusion through a cylinder wall
• For steady-state diffusion through a cylinder wall of inner 

radius r1 and outer radius r2 and length L in the radial 
direction outward, we get:

Try to derive the diffusion equation



Try to derive the diffusion equation



Summary



• Write diffusion expression for multi-solid 
cylindrical layers. {Hollow cylinder)

• Write diffusion expression for multi-solid 
spherical layers. {hollow sphere}



The actual 
path of the 
diffusion  
(z2 – z1) by a 

factor  called 
tortuosityA cross section of a typical porous 

solid



Knudsen 
diffusion

Pores are 
filled with 
liquid ‘water’. 
Solid is inert.



Example: Diffusion of KCl in Porous 
Silica

A solid of silica 2.0 mm thick is porous, with a
void friction ε of 0.30 and a tortuosity τ of 4.0.
The pores are filled with water at 298 K. At
one face the concentration of KCl held at 0.10
g mol/liter, and fresh water flow rapidly past
the other face. Calculate the diffusion of KCl at
steady state.



Schematic 

KcƖ
0.1
Mol
/lit

2 mm

 =0.3 =4

Fresh water



solution

Data



The diffusivity of KCI in water from tables



Diffusivity in Gases
• Pressure dependence of diffusivity is given by 

(for moderate ranges of pressures, up to 10 atm).

• And temperature dependency is according to

• Diffusivity of a component in a mixture of components can be 
calculated using the diffusivities for the various binary pairs 
involved in the mixture. The relation given by Wilke is



• Where D 1-mixture is the diffusivity for
component 1 in the gas mixture; D 1-n is the
diffusivity for the binary pair, component 1
diffusing through component n; and yn′ is the
mole fraction of component n in the gas
mixture evaluated on a component –1 – free
basis, that is


