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INTRODUCTION 

    Many reactions and processes that are important in the treatment of materials rely 

on the transfer of mass either within a specific solid (ordinarily on a microscopic 

level) or from a liquid, a gas, or another solid phase. This is necessarily accomplished 

by diffusion, the phenomenon of material transport by atomic motion. 

 The phenomenon of diffusion may be demonstrated with the use of a diffusion 

couple, which is formed by joining bars of two different metals together so that there 

is intimate contact between the two faces this is illustrated for copper and nickel in 

Figure 5.1, which includes schematic representations of atom positions and 

composition across the interface. This couple is heated for an extended period at an 

elevated temperature (but below the melting temperature of both metals) and cooled 

to room temperature. Chemical analysis will reveal a condition similar to that 

represented in Figure 5.2—namely, pure copper and nickel at the two extremities of 

the couple, separated by an alloyed region. Concentrations of  both metals vary with 

position as shown in Figure 5.2c. This result indicates that copper atoms have 

migrated or diffused into the nickel, and that nickel has diffused into copper. This 

process, whereby atoms of one metal diffuse into another, is termed interdiffusion, 

or impurity diffusion. 

Interdiffusion may be discerned from a macroscopic perspective by changes in 

concentration that occur over time, as in the example for the Cu–Ni diffusion couple. 

There is a net drift or transport of atoms from high- to low-concentration regions. 

Diffusion also occurs for pure metals, but all atoms exchanging positions are of the 

same type; this is termed self-diffusion. Of course, self-diffusion is not normally 

subject to observation by noting compositional changes. 
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DIFFUSION MECHANISMS 

     From an atomic perspective, diffusion is just the stepwise migration of atoms 

from lattice site to lattice site. In fact, the atoms in solid materials are in constant 

motion, rapidly changing positions. For an atom to make such a move, two 

conditions must be met: (1) there must be an empty adjacent site, and (2) the atom 

must have sufficient energy to break bonds with its neighbor atoms and then cause 

some lattice distortion during the displacement. This energy is vibrational in nature 

(Section 4.8).  

At a specific temperature some small fraction of the total number of atoms is  capable 

of diffusive motion, by virtue of the magnitudes of their vibrational energies. This 

fraction increases with rising temperature. 

 Several different models for this atomic motion have been proposed; of these 

possibilities, two dominate for metallic diffusion. 

1. Vacancy Diffusion 

Vacancy diffusion occurs when an atom moves from its normal position in the 

crystal structure into a nearby vacant site—a spot where another atom is missing. 

As the atom moves, it leaves behind a new vacancy, and this process continues, 

making it look as if the vacancies are moving through the material. This type of 

diffusion is common for substitutional atoms (atoms that replace host atoms in the 

lattice). It requires energy, because atoms must break bonds with their neighbors to 

move into the vacancy. Also, it becomes faster at higher temperatures, since the 

number of vacancies increases with temperature. Example: Diffusion of nickel 

atoms in copper. 

2. Interstitial Diffusion 

Interstitial diffusion happens when small atoms move through the interstitial sites 

the small spaces between the larger host atoms in the crystal.This process does not 

require vacancies, and because the moving atoms are small, it occurs much faster 

than vacancy diffusion. Typical interstitial atoms are hydrogen (H), carbon (C), and 

nitrogen (N). They can move easily through the lattice without displacing the larger 
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host atoms. Example: Diffusion of carbon in iron (C in Fe), which is important in 

steel production. 
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STEADY-STATE DIFFUSION 

      Steady-state diffusion happens when particles such as atoms, ions, or molecules 

move through a material at a constant rate over time, meaning the concentration of 

these particles at any point does not change with time. In this state, the system is 

balanced the number of atoms entering a region is equal to the number leaving it  

and the concentration gradient (the difference in concentration across the material) 

remains constant. When diffusion first starts, the concentration of atoms changes 

with time, which is called non–steady-state diffusion. However, after some time, if 

the boundary conditions stay the same (for example, fixed concentrations at the 

surfaces), the system reaches steady state. At that point, diffusion continues, but the 

amount of material passing through each layer per second remains constant, resulting 

in a steady and unchanging diffusion pattern. 
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NONSTEADY-STATE DIFFUSION 

    Nonsteady-state diffusion, also called unsteady-state diffusion, occurs when the 

concentration of diffusing particles and the rate of diffusion change with time. At 

the beginning of diffusion, particles move from regions of high concentration to low 

concentration, causing the concentrations at different points in the material to 

continuously change. As diffusion proceeds, the concentration gradient may 

decrease and the diffusion rate may vary, meaning the system is not in equilibrium 

and has not yet reached a constant diffusion rate, unlike steady-state diffusion where 

conditions remain constant over time. 
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FACTORS THAT INFLUENCE DIFFUSION 

 

 

  



 

8 
 

Al-Mustaqbal University / College of Engineering & Technology 
Department (Chemical Engineering) 

Class (Second) 
Subject (Material Engineering) / Code (UOMU0102035) 

Lecturer (Zainab Hassan) 

1st/2nd term – Lecture No.5 & Lecture Name (Diffusion) 
 

 

 

 


