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Outline
• Unsteady-state diffusion mass transfer

• Pseudo steady state analysis
• Case study-1: coal particle burning

• In finite medium 
• Equations and boundary conditions
• Application of Heisler charts
• Classroom example-1

• In semi-infinite medium
• Equations and boundary conditions
• Case study-2: chemical vapour deposition 
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Pseudo steady state analysis
• Case study-1: coal particle burning
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• Oxygen diffuses to the surface of a coal particle.

• At the surface, O2 reacts instantaneously with carbon

3 C(s) + 2.5 O2(g)  2 CO2(g) + CO(g)

• No homogeneous reaction along the diffusion path

• Size of particle with time?
 Assume steady state condition first to analyse 

diffusion – reaction
 Use quasi-steady analysis to analyse coal particle



Pseudo steady state analysis
• Case study-1: coal particle burning

Let us write the continuity equation for component-A (oxygen – O2)in the 
spherical coordinate system:
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Pseudo steady state analysis
• Case study-1: coal particle burning

Mass transfer flux of component-A:
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3 C(s) + 2.5 O2(g)  2 CO2(g) + CO(g) Need to consider 4 species! O2; CO2; CO; N2
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Pseudo steady state analysis
• Case study-1: coal particle burning

Mass transfer flux of component-A:
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As we’re dealing with spherical coordinates  Need to multiply both sides with r2 

B.C. 1: 0,
2
== OxRr (instantaneous reaction at particle surface)

B.C. 2: (molar fraction of O2 in stagnant air)21.0,
2
=∞= Oxr



Pseudo steady state analysis
• Case study-1: coal particle burning
• Key points:

 Do steady state analysis to get the molar flux of oxygen (NO2)

 Use stoichiometry to relate NO2 to the molecular consumption of carbon, i.e. 

(3/2.5) (N02 ) (surface area)

 Use material/molecular balance to determine the rate of consumption of carbon.
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Unsteady-state diffusion – Finite Medium
• Let us consider the continuity equation for component-A
• 1-D, stationary medium, no reaction, transient
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Unsteady-state diffusion – Finite Medium
• 1-D, stationary medium, no reaction, transient
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Unsteady-state diffusion – Finite Medium
• 1-D, stationary medium, no reaction, transient
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Unsteady-state diffusion – Finite Medium
• 1-D, stationary medium, no reaction, transient

12



Unsteady-state diffusion – Finite Medium
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Heisler chart (Plane wall)

taken from Cengel, 2006



Unsteady-state diffusion – Finite Medium
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Heisler chart (Plane wall)

taken from Cengel, 2006



Unsteady-state diffusion – Finite Medium
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Heisler chart (cylinder)

taken from Cengel, 2006



Unsteady-state diffusion – Finite Medium
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Heisler chart (Cylinder)

taken from Cengel, 2006



Unsteady-state diffusion – Finite Medium
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Heisler chart (Sphere)

taken from Cengel, 2006



Unsteady-state diffusion – Finite Medium
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Heisler chart (Sphere)

taken from Cengel, 2006



Unsteady-state diffusion – Finite Medium
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Classroom example:



Unsteady-state diffusion – Semi-infinite Medium

20

2

2

x
CD

t
C A

AB
A

∂
∂

=
∂
∂

Initial condition: t=0, CA(x, 0) = CAi (for all x)
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Unsteady-state diffusion – Semi-infinite Medium
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Unsteady-state diffusion – Semi-infinite Medium
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Unsteady-state diffusion – Semi-infinite Medium
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Examples: (i) absorption of oxygen gas into a deep tank of still water, (ii) case-hardening 
of mild steel within a carburizing atmosphere, (iii) “doping” of phosphorous atoms into a 
silicon wafer.



Unsteady-state diffusion – Semi-infinite Medium
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Case study – 2 – Chemical Vapour deposition



Unsteady-state diffusion – Semi-infinite Medium
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Case study – 2 – Chemical Vapour deposition



Unsteady-state diffusion – Semi-infinite Medium
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Case study – 2 – Chemical Vapour deposition



Unsteady-state diffusion – Semi-infinite Medium
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Case study – 2 – Chemical Vapour deposition



Unsteady-state diffusion – Semi-infinite Medium
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Case study – 2 – Chemical Vapour deposition



Unsteady-state diffusion – Semi-infinite Medium
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Case study – 2 – Chemical Vapour deposition
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