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Exercise 1: Steel carburizing 
 
We want to carburize steel with 0.5wt% C at 1mm from the surface. We use a carburizing 
gas (for example, methane) at 1000°C to achieve an equivalent 1% concentration at the 
surface. Knowing that the initial carbon content of steel is 0.02wt% (saturated ferrite), what 
is the duration of the heat treatment? Diffusivity data are given in Table 5.1 
 
Exercise 2: Conduction in an ionic crystal (Nerst law) 
 
An ionic crystal undergoes an electric field, E. Electrical conduction is essentially determined 

by ion transport. Calculate the electrical conductivity and determine the effect of the 
temperature. What if there is a gradient of the ion concentration? 
 
Exercise 3: Conduction in a two-component ionic crystal 
 

Consider an ionic crystal with two constituents, A and B. The diffusion coefficients  and 

 are known. Suppose only A and B diffuse without chemical interaction, and the lattice 
remains steady.  
 
Give the expression of the electric field opposed to diffusion at equilibrium and that of the 
electrical ionic conductivity. Hint: Use the equation derived in above exercise 2.  
 

Table 5.1 Diffusion coefficient 
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Table 5.2 Error function 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
    


